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Ch. vni. Of tlic Manner^ &c. ^f 

m 

CHAP. VIIL 

Of the Manner wherein Light fs 

refleaed. 

TH E KefraSion '<£ Lieht has been con-^ 
fidered, and esmlauied: its fiefie&ion is 
now to be in<|iiired into (aj* And firfl for 
^ Manner wherein it is performed. 

When a Ray of light falls upon an opake 
Body, Par^ or all ot it is repeSied\ if any 
oit^ it is fuiFocated and loft within the 
Body : When it falls upon a t ran/parent 
Body, Part of it is refieBed^ and Part enters ; 
of what enters fome is alfo fufFocated and 
M in the Body^ the reft, when it arrives 
tt die other Sidcy is alfo in part rejleSted dicre, 
and in part tranfmittedy unleis its Inclination 
to tkist Side exceeds a certain Degree ; which 
if it does, it is all reJleBed there. And the 
Power whereby a Rjay is reflated at this other 
Side of a Body (which for Diftinftion &kc I 
fliall hereafter call thefecond Surface) is ftronger 
Aan diat by which it would be reflefted by 
^lameSurface^ were it about to enter the Body 
Acre with a|i equal Degree pf Obliquity. 

(a) Tbc Sttbjed of this Inquhy is diftinguiflied ^om that of 
Ae former, by the Name of Catoptrics, as tending to explain 
«i« Marnier in which Objects appear, when fccn by rm^^d Lic;ht. 

e " The 






9 8 Of the Manner wherein 

The Degree of Inclination ncccflary to caufe 
a total Refedion of a Ray at r^the fccond Sur- 
face of a Medium^ is that which requires tfiat 
the rcfra<acd Angle (was the Ray fuppofed to 
pals out there; (hould be equal to, or greater 
than a right one ; and conf^uently it depends 
on the rerraftive Power of thQ Medium throi« 
which the Ray paffes ; and is therefore dific- 
rent in different Media. When a Ray paf- 
fes through Glafe funpundcd with Air, and 
is inclined to its fecond Surface under an 
Angle of 42 De^re^s or tnore^ it will be 
^wholly refleSled there (b). For as 1 1 is to 17, 

(h) From'hcnce it follows, that when a Ray of Light arrives 
at the fecond Surface of a tranfparent fubflance with as. great or 
greater Degree of Obliquity, than that which is neceilary to 
make a total ReHeftion, it will there be all jetumed back to the 
£rft ; and if it proceeds towards that with as great an Obliqaity 
as it did towards the other (which it will do if the Surfaces of 
the Medium be parallel to each other) it will there be all refleQed 
again, l^c. and will therefore never get out, but pafs from Sid^ 
to Side, till it be wholly fuffocated and loft within the Body. 

From hence may arife an obvious Inquiry, how it comes ti 
pafs that light, falling very obliquely upog a Qlafs- Window 
irom without, ihoqld be tranfmitted into the Room ? In Anfwer 
to this, it muft be confidered, that however obliquely a Ray- 
' fells upon the firfl: Sor&ce of any Medium whofe Sides are parallel 
(as thofe of the Glafs in a Window are) it will fufier fuch a Degree 
of Refradlion in entring there, that it (hall fall upon the fecond 
' with a lefs Obliquity than that which is necei&ry to caufe a 
total ReAeAion. For Inilance let the Medium be Glafs, as fup.. 
pofed in the prefent Cafe, then as 1 7 is to 1 1 . (the Ratig, of Re- 
Tradtion out of Air into Glafs) fo is the Sine of the largeft 
Angle of Incidence with which a Ray can fall upon any Surface, 
to the Sine of a lefs Angle than that of total Reflexion. And 
therefore, if the S^des of a Glafs be parallel, the Obliquity, with 
which a Ray falls upon the firft Surface, cannot be fo great, but 
}m it ihall pafs the fecond without fuffering a to;al Reflexion cher^. 

(thfj 
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(the Ratio of R^adion out of Glais into Airj 
fo is die Sine of ail Angle of.42 Degrees to a 
fourth Number^ that will exeeed the Sine of a 
right Angle. 

When Li^t pajQes out of a denier into a 
rarer Medium^ the nearer the fecond Medium 
approachps the,J&r/l in, £)pi^1y (or more pro* 
perly in its refradUve Pciyrer) the lels of it 
will be reflected in paffii^from one to the 
other : and ?ji^hen their r?j&a<Sipg Powers are 
e^jual, all c^" it , will pafe.into.jthe fecond iWi?- 

, Whether Light teVrefleded fifom the firfl 
or &cond Sur&ce ofa'Body, the Law it ob- 
ferves. is jdiis^ yiz?. flhat the Angfe ofRefle&ion 
of each Raj/ij^ajj he equal to the Angle of Itl* 

ci/k^ce ophifame^ ^- :. :/ 

By me Angle of RefeSiion is meant the 
Angle comprd^nded be^^en ;l ^erpendiculajc 
to me Surface at the Point wj^rc ^the Reflect ion. 
is made^; and t^'r^o^ei Ray,. ; 

% * . V » ; J 

Theie are aU the,Circi).mftances attending die 
Rdle<ai(Mi. qf^'^i^t Jiecefla^ t^ be taken No- 
tice of at prei^nt<i .There ^re others, but they 
xe^)e£t the DoSlrir^ ^of -. Light and Colours 
not yet explained;, we mall therdfore pafs diem 
by till we treat of that Subje^, and in the mean 
Time prcx:ccd to confider the Ref^edion of 
Light from plain and ipherical Surfaces. 

G 2 C«AP. 



soo Of fhBjt&e&ion of Light frc/a. 

C H A P. IX. 

Of the Reflexion tf Light from plain 
and (i^htncdl Surfaqra. 

IT was obferved in the foregoing Chapter, 
that the Law of Refiedioii is fuch, that 
the Angle of Refteftion of ^adi Rajr fliall 
be equal to the Angle of Incidence of th6 
fame. From whence Ac fesren fbfiowirig iPh>- 
portions relating to the Ref{e£tioa of Odit 
from plain and ipherical Surfaces may be de-; 
duced. 

I. Rays of Li^t rcflefted ffoih a |>!j& Sur- 
face have the fame Degree of tnclmation to 
each other that their it^ie^ve incidi^t ones 
have. 

For the Angle of Refie6tian of eadi R^y 
t)eing^ equal lo diat of its iefi>edive incident 
on^ it is evident &dt each refleded Ray will 
have the &me Degree of Inclination to that 
Portion of the Suitace from whence it is re- 
ile(3:ed3 that its incident one haS; but it is 
here fiippoied that all tibofe Pordpns^ of Sur&ce 
jfrom whence dw Raya are reflefted arc fitu* 
ated in die fame Flam 5 confequcndy the re- 
lieved Rays will have die lame Degree of 
tnclinatidn to each odier that their incident 
ones have, from whatever Part of the Surfiicc 

they ^rc jcfl«£ledi 

\ See 
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See this and tbe fblkwiag Propofitions ex^ 
prejfedmore determinately^ and defMnfirated 
in tbe Note bebw(a). 

n. Parallel Rays, refleded froai a concave 
Siu&cey are itader'd CQQTerging^ 

To 

\ 

fa) Piopofitioii !• 

Of the Hefieakn of Rofsfrvm a fltnm Smt/m: 

When Rays fail ufom a f!Uun Smrface^ ^ iht^ dkfirgf* fht 
Focas vf the r^e^ed JUys 'will k at tbe fime Difianct iehimd 
the Surface, that the Raoiaiit Paint is he/on it: if the^ amsirge^ 
it iviS he at the fame Di/tance hefere the fisrfikt^ thai th€ 
imaginaty "Bocaz cf the incident Kays is hehim/st. 

This Propofitioii adbaiti of two Cifti* 
Cafi I. Of diveffing Rafs. 

Dm. Let AB, AC (Fig. 45.) be two diveiging Km inaV 
dent ib the phuA Saifaoe Dt, the one perjmdiCliUriy, the 
odier oblicuitiy $ the perpeojicular ono^ AB will be TtttsEtioi to 
A proceeding as ftom lone Point in the Uae AB produced ; 
the oblique one AC will be iefle&ed into ibmc line as CF fuch, 
that the Point G, where the Line PC pcodoced iotcrieds the 
Line AB pt)dticed alfe» ihall be at an eful DiAuioe from 
the Sttr&ce D£ with tbe Radiant A. For the Perpendicular 
CH being drawn, ACH and HCP vrill be the Anriet ofj Inci« 
denoe and Reflcokm^ whidi being equal, their Q>nip]enienta 
ACBand FCEaiefo too: buttbeAngeBCGtt eGraaltoFCE 
as beii^ verdcal to it $ therefore in thelViai^let ABC and GBC 
the Angles at C are equal, the Side BC is coouAont and the 
Ang^ atB aveelfo equal to each other^ as being nght onesi 
theiefore the Lines AB and EG, which i«Q^ the equal Angkf 
at C^are alfo equal, andconiequently the Point G, the Feeas of 
the incident Rays AB, AC, is at the fame Diftaacc behind the 
Sorfacc, that the Point A is before it. (^ E. D. 

Cafe IL Qf amesging Rays. 

This is the Converfe of the former C^e. For fuppofing PC 
and AB to be two conveigittg incident Rays, CA and BA will 
be the reficft<)d ones (the Angles ^ Inadeace in the fbrnaer; 

* 'Cafe 
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To Uluftrate this, let AF, CD, EB, (Fig. 
43.) repreient three, parallel Rays falling upon 
the concave furface FB, whofe Center is C. 
To the Points F and B draw the Lines CF, 
CB ; thefe being drawn from the Center will 
be perpendicular to the furface at dioie Points. 

The 

Cafe being now the Angles of Refleflion, and 'vice nfersd) 
having the Point A for their Focus ; but this, from what was de- 
iQonftrated above^ is at an equal Diftance from the refleding 
Surface with the Point G, which in this Cafe is the imagiaaiy 
Focus of the incident Rays, FC, and AB. 

Obfir<vat. 1, li is not berey as in the Ref ration tf Rqj^s in 
fajjing fhriiugh d. plain Surface^ nvberefime of the refraSied Rays 
froceed as from one Pointy andfome as from another (See Ohfervat, 
i. Chaf. 3. iu^^hi Nctes) but .tbtf aU proceed after Reflexion 
as from one and ,tbe fame Pointy -^tjorjue^oer ob liquefy they may 
fall, upon the Surface ; for <w,bai is here demonftrated of the Rcpy 
AC holds equalfy of any other; as Aly AKy ^c, 

f he Caie'of paraHel Rays incident on a pl^in Surface^ is in- 
t[^luded in this Propofition ; for in that Cafe we are to fuppofe 
the Radiant to "be at an infinite DMance from the Surface, and 
then by the Propofition, the Fociis of the reflefted Rays will be 
Jo too: thit 19,' the Rajs^tvill be parallel a^er RefleSion^ as they 
nvere before. ' *- ' ■ • . ^^ ' ■ 

Propofition II. 

Of the Refusion tf parallel ^Ray4 fr$m aj^berical Surface. 
When parallel '^ Retfs are incident upon a fpherical Surfacey the 
Focus of, th* fefkaed Rteys 'uiilf.hi theiwiddle Points betwiea the 
Center. of^Cmfve^ity and the Surface. 

; T * This Propofition admits of two Cafes. 

* Cafe L Of parallel Rays falling upon a convex furface. 
Dem. Let AB, DH, (Fig. 46 ) reprefcnt two parallel Ravs 
incidenr ort the convex Surface BH, the one perpendicularly, tne 
«lhcr obliquely ; and let C be the Center of Convexity : fup- 
pofe HE to be the reflected Ray of the oblique Incident one 
,,DH proceeding as from F a Point in the Line AB produced. 
Through the Point H draw the Line CI. which will be 

Erpendicular to the Surface at that Point, acd the Angles DHI 
4 IHEj, beiny the Angles and Inddme andRfflu'lion,s\ill be equal. 

Tq 
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The incident Ray CD alfo paffing tfirough 
the Center* will be perpendicular to the Sur- 
face, and therefore will return after Refledlion 
in the fame Line j but the oblique Rays AF 

and 



To the former of thefc, the Ajigle HCF is cqaal, rf/ Lines AC 
and DH Being paral/el, and to the latter the Angle CUF as hting 
ver/ical; wherefore the Triangle CFH is I/oJce/es; and confe- 
qaently the Sides CF and FH are equal : But fuppofing BH to 
'uanifby FH is eq^a^ toFB» and therefore upon this Suppofition 
FC and Y% are equal, that is» the Focus oi uie reflected Rays is 
the middk Point between the Center of Convexity and the 
Surface. Q^^E. D. 

Cafi II« Of parallel Rays falling up9n a cvneave Surface, 

Dem. LetAB, DH (Fig. 47.) be two parallel Rays incident 
the one perpendicularly, the other obliquely, on the concave 
Surface BH» whofe Center of Concavity is C. Lei BP and 
HF be the ref!e£led Rays ineeting each other in F: 
this will be the middle I^oint between B ' and C. For 
drawing through C the Perpendicular CH, the 'Angles DHC 
and FHC, beit^ the Angles of Incidence and RefleMon^ wiU 
be equal, to the former of which the Angle HCF is 
equal, as alternate; and therefore the Triangle CFH is 
J/ofcelis. Wherefore CF and FH are equal : but if we fuppofe 
BH to van(^, FB and FH are alfo equal, and therefore CF 
is equal to FB ; that is, the focal Diliance of the lefleded Rays 
is the middle Point between the Center and theSorftce. C^E. D. 

Ohfer<uat, IJ. // is here obfer^ahky that the farther the Line 
DH» either in Figure the 46 or 47, is taken from AB, the nearer 
the Point F falls to the Surface, For the farther the Point H re- 
eedesfrom B, the larger the Triangle CFH will become i andcon^ 
femteiuhffince it is al'wcrfs an Ifofcdfes ome^ and the Bafe CH, being 
the Radios, is every ivhere of the fame Length, the equal Legs 
CF and FH *tvill lengthen ; but CF cassnot gtow longer unlefs the 
foint F approach towards the Jurface. And the farther H is re* 
memedfrom j5, thefafier F approaches to it, 

This is the Reajon, that nvhene*ver parallel Rays are con/Uered 

as refUStdfrom a fpherical Surface, the Diftance of the oblique one 

from the perpendicular one is taken fofmall wtb reJheB to the 

focal Diftance of that Surface^ that withvni any phyfical Error ^ 

4$ msey hi Jnppofed to vaniih. 

From 
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and £B will be refle^cd into the Lines FM 
and BM fituated on the contrary fide dieir 
refoedtive Perpendicolars CP and CB. tliey 
will therefore proceed converging alfter Re- 
flexion towards fome Point as M^ in the Line 
CD : whkh Pointy by what is demonftrated in 
the Note laft referred to^ wiU be in the Middle 
between C and D, 

nL 

Fr9m hitui it/oUowSt iimi if a Number tf faralUi R^tfs at 
JM^ CD» EG, &r. /mO tfom a cmn^tx Surface, as ixfrifftd Fi- 
gure the 48, and ifBAy DK, therefieaed Kays of the huident 
mes JB9 CD9 preeeed as from the Point F, ihofe of the incident 
ones CD, EG, viz. DK, GL^ nvill proceed as from N, thofe 
of the incident ones EG, HI, as from O, (f^r. hecaufe the farther 
the incident ones CD, EG ^c, are from AB, the nedreit to the 
Surface arte the Points Ft /, f, in the Line BF, from nuhich the^ 
proceed afttr Befieaion\ fo that preperfy the F«ci tfthe refteSed 
Mofs BJ, DK, GLf ^c, are not in the Line AB produced, but 
in a curve Line paffing through thi Fmnts Fi N, O, (sfc. , 

fhe Jame is appJicahle to thi Cafe rf parallel Rw^s tefieQed 
from a concave Surface^ as exprefjfed hj the pricked Lines on ths 
other half of the F^ure, tvhera F^ RS, fF, are the mcideai 
^*fp * ^ ^U y^y the refieaed wet iuterfoaing each oAer m the 
Points X, rand F; fo that the Foci of tMe Rays are not in thi 
Line FB, hut in a Curve paffing' ihmngh thofi Points, 

Had the Smffact BH in Fioure 46, or 47, heen fem^dly th^ 
Revointion of m Parabda about its Aiih hawing itt Focus in 
the Point /*, esU the Rofq refieaed fnm the convex Surface would 
have proceeded as from the Point F, tend thofe refleSed from tho 
concave vmild have fallen upon it, hov^ivtr MJiastt tkeor incident 
ones AB, DH, might have been from each other. For in the 
Parabola, all Lines drawn parallel to the Axis make Angles 
vtfith the Taxgents to the Points where they cut /^# Parabola (that 
iSf with the Surface rf the Parabola^ emial to thofe which ev* 
made with thtfame Tangents iy Lines drawn from thence to the 
Focus, (De L'HoTpital Seaions Conifues. Liv. I. Prop, $.)i 
therefare^ if l&r incidtnt Rays defcrihe ^fe parallel Lines, the 
refifaed ones vfUl ntceffarily depribe thofe oth^r, and fo v)iH oM 
proceed as from, or meet in, tie fame Point. 

Pro 
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m. Converging Rays falling on the like Sur- 
face arc made to converge more. 

For, every thing remaining as above, let 
GF, HB, be the incident Rays. Now be- 
caufe thefe Rays have larger Angles of Inci- 
dence than the parallel ones AF and EB 
in the foregoing Cafe, their Angles of Re* 
flection will alfo be larger than theirs; they 
will therefore converge after Refledion, fuppofc 
in the Lines FN, and BN, having their Point of 

Con^ 

Propofition III: 

Of the Reflexion <f di*verging and comftrglng Ritfs from a ^birical 

Surface, 

When RtpfifaUufw andjfhertcal Surface^ f^^^ diverge^ the Dr- 
ftanct of the Focus of the reJleSled Rtysfrom the Surface is to the 
Difiance of the Radiant Point from the fame (or^ if they converge^ 
to that of the imaginary Focus of the incident Rays) as 
the Diftance of the Focus of the refleBed Rays from jhe 
Center is to the Diftance of the Radiant F^/W (^or imaginary FoCQS 
of the incident Rays) from the fame. 

This Propofition admits often Cafes. 

Cafe I. Ofdivergifig R^s falling ufion a convex Surface. 

Dem. Let KB, RD (Fig. 49) repreferil two diverging Ravt 
flowing from the Point R as from a Radiant, and falling the 
one perpendicularly, the other obliquely, on the. convex Surface 
BD» whole Center is C. Let D£ be the reflected Ray of the 
incident one RD, produce ED to F, and through R draw the 
Line RH parallel to F£ ti(l it meets CD product in H. Then 
will the Angle RHp be equal to EDH the Angle of Refleaion, 
as heif^ altemate to it, and therefore equal alfo to RDH whidi 
is the Angle of Incidence ; wherefore the Triangle DRH is 
JMtehs, and confequently DR is equal to RH. . Now the Linfs 
FD ai^ RH bemg parallel, the Triangles FDC and RHC ar« 
fimilar, (or toe3q)reS it in Euclid*^ Way, the Sides of the Triangle 
RHCaie cot proportionally. 2. Elem. 6) and therefore FD is 
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Concourfe N farther from C than the Point 
M ; that to which the parallel Rays AF and 
EB converged to in the foregoing Cafe : and 
their precMe Degree of Convergency as deter^ 
mined in the Note» will be greater than that 
wherein they converged before Refledion. 

IV, Diverging Rajrs, falling upon the like 
Surface, are ^ter Reflexion parallel, diverging, 
or converging. If they diverge from the Pocui 
of parallel Rays, they then become parallel ; if 

from 

toRH» or its equal RD, as CF to CR \ but BD vanf/ii^, FD 
and RD differ not from FB and RB, wherefore FB is to RB alfo, 
as CF to CR s that is, the Diibnce of the F^cus from the Surface 
is to the Dillance of the Ra^ant Point from the fame, as the Dii 
Hanceof the Fo€ms from the Center is to the Diibnce of the Rih 
Sant from thence. (^E. D. 

Cafe II. OfcMwergtng Riys/alfitig vp^na ctmca^t Surf act. 

Dim. Let KDand CB be the converging incident Rays having 
their imaginary Focus in the Point R, which was the RaJiant in 
the foregoing Cafe. Then as RD was in that Cafe refledM into 
PE, KD wiTl in this be refleded into DF ; for, £nce the Angles 
pf Incidence in both C&fes are equal, as tbejf art h hit^ 'verticai^ 
' the Andes of Reflexion will be fo too ; fo th^t F will be the 
Focus of the refleded Rays : but it was there demonilrated that 
FB is to RB as CF to CR, that is, the Dillance of the Focu$ 
from the Surfece is to the Diftance (in this Cafe) of the imaginary 
Focus of the incident Rays, as the Dillance of the Focus from the 
Center is to the Dillance of the imaginary Focus of iht incidem 
Rays from the fame. Q^ E. D. 

^afi III. Ofconvergit^ Rays faJUugi^ a couvex Surface^ and 
ttuMt^ $0 a Point between the Focus of FaralUl Rays and the 
Ctnttr. 

Dtm. Le( BD (Fig. 50.) repreient a convex Sur&ce whofe 
Center is C, and Focus of parallel Rays is P ; and let AB, KD, 
be two converging Rays incident upon it, and having their ima- 
ginary Focus zx R, a Point between P ^nd C. Now bccaufe KD 

\ 
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from a Point nearer to the Surface than tUat^ 
they will diverge, but in a lefe Degree than be- 
fore Reflection ; if from a Point between that and 
the Center, they will converge after Reflexion 
and Aat to fbme Point on the contrary Side 
the Center, but fituated farther from it thaii 
Ae Point thw diverged from : if the incident 
kays diverge from a Point beyond the Center, 
die reflected ones will converge to one on 
die other Side of it, but nearer to it diaa 

di0 



tends to a Point between the Focus of parallel Rays and the 
Center, the refieded Ray D£ will diverge from Ibine Point on 
the other Side the Center, fappofe F ; as explained above in the 
Text undet Propofition the Vllth. Through D draw the Per- 

rdicnlar CD and produce it to H, then will Kl)H and HDE 
the Angles of Incidence and Refte£tion, which being equal, 
thdr vertical ones RDC and CDF will be fo too, and therefore 
the Ferfex of the Triangle RDF is bifefted by the Line DC 2 
Wherefore ( j EL 6 J FD and DR, or, BD Vanifhing, FB and 
BR are to each other as FC to CR ; that is, the Difbnce of the 
Focus of the receded Rays is to that of the iotaginary Focus of the 
Inckient ones, as the Difiance of the former mm the Center is 
Id the Diilance of the latter from the fame. (^ £. D. 

Ca/i IV. 0/ di*virging Ra^s falling i^ a concave $urfae0 
ami proceeding from a Poiut betweeu the Focus ofparatUl Kof^ 
mud the Center, 

Vem. LetRB, RD, be the diverging Ra^s incident dpon the 
concave Snrface BD, having their Radiant in the Point K, the 
imaginary Focus of the incident Rays in the foregoing Cafe^ 
Then as KD was in that Cafe refleded into DE, RD will now 
be lefleded into DF. But is was there demonftrated that FB and 
&B are to each other as CF to CR ; that is, the Diftance of 
the Focus is to that of the Radiant^ as die Diitance of the formef 
from the Center h to the Diftance of the latter from the fame. 
Q:.E.D. 

fhe Angles of Incidence and Reflexion being etpsaU it is e^Jent, 
that i/iU wtf Cfifey the refieQed Rttf he made the incident onei 

H J ihi 
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the Point they diverged from ; and if thcjr 
diverge from the Center, they will be refledted 
thither again. 

!• Let them diverge in the Lines MF, MB, 
proceeding from M the Focus of parallel 
Rays ; then as the parallel Rays AF and EB 
were reflected into the Lines FM and BM 
(Propofit. 2.) thefe Rays will now on the con- 
trary be reflefted into them. 

2. Let them diverge' from N a Point nearer 
to the Surface than die Focus of parallel Rays, 
they will then be refledted into the diverging 

Lines 

the incident nviH become the refleBed one : and therefore the fmr 
fillifwing Cafis mafbe confidered refpeSi<vefy as the Cowverfeofthe 
four foregoing I for in each of them the incident ^ays are fupfofei 

to coincide ivith the reflected ones in the other. Or they may be de* 

monfirated independently of them asfollo^jjs. 

Cafe V. Of con<oerging Retfs falling upon a cowvex Surface^ 

and tending to a Point nearer the Surface than the Focus of parallel 

Rays^ 

Dom. Let ED, R6 (Fig. 49.) be the converging Rays inci- 
dent upon the convex Surface BD whofe Center is C, and Focus of 
pirallel Rays is dt P ; and let the imaginary Focus of the incident 
Kays be at F> a Point between P and fi, and let DR be the re« 
fle&d Ray. From C and R draw the lines CH, RH, the oner 
palling through D, the other parallel to FE. Then will the 
Angle RHD be equal to HDE the Angle of Incidence, as alter-' 
nate to it^ and therefore equal to HDR, the Angle of Refle^on i 
wherefore the Triangle HDR is Ifofieles, and coniequently DR 
is eqnal to RH. Now the Lines Fjy and RH being parallel, 
the Triangles FDC and RHC are fimilar, and therefore RH, or 
RD/ is toFD as CR to CF; but £0 vaniihing, RD and IBl^ 
coincide with RB aid FB, wherefore RB is to fS as CR to CFi 
that is, the Diftance of the Focus from the Surface is to the 
Diftance of the imaginary Focus of /the incident Rays, as the De- 
fiance of the Focus from the Center is to the Diflance of the ima- 
ginary Focus of the inddent Rays from Che time. Q*^ £. D. 

Caft 
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Lines FG and BH which the incident Rays 
GF and HB dcfcribed, that were ftiewn to be 
reflected into them in the foregoing Propo- 
fition : but the Degree wherein they diverge, 
as demonftrated in the Note, will be left 
than that wherein they diverged before Re- 
fledion. 

3 . Let them proceed diverging from X a 
Point between the Focus of parallel Rays 
and the Center, they then make left Angles 
of Incidence than me Rays MF and MB 
which became parallel by Refleftion, they will 
coniequently have lefs Angles of Refleftion, 
and proceed therefore converging towards fomc 
Point as Y ; which Point will always fall on 
die contrary Side the Center, bccaufc a re- 

fieaed 



Cafi VI. Ofdkftrgif^ Hoys falling upon a concawe Surfacij and 
proceediitg from a Pmnt between the Focus of parallel Rajs and th4 
Surface, 

Dem, lAt FD and FB reprefent two diverging Rajs flowing 
imm the Point F as a Radiant^ which was the imaginary Focus 
of the ioddent Rays in the foregoing Cafe. Then as ED was uk 
that Caie refleaed into DR, FD will be refieOed into DK, (for 
the ReafoQ mentioned in Cafe the fecond) fo that the refleded 
Ray will proceed as from the Point R : but it was demoniUated 
in the Cafe inamediately before-going, that RB is to FB as CR to 
CF ; that is, the Diftance of the Focus from the Surface is to that 
of the Radiant from the ^me, as the Didance of the former frooi 
the Center is to that of the latter from the fame. Q^ £. D. 

Cafe VII. Of converging Rays falling upon a convex Surface ^ 
' tending towards a Point beyond the Center, 

Dem, Let AB, ED, (Fig. 50.) be the incident Rays tending 
toFy a Point beyond the Center C, and let DK be the reBeded 
Ray of the incident one £D. Then becaufe the incident Ray. 

ED 



no 0/ lAe Kefie&ion of Light from 

fleded Ray always falls on die contraiy Side 
the Perpendicalarwidi refbed to that on whidi 
its incident one falls ; and, as demonftrated in 
die Note, it will be farther diflant from 
die Center than X. 

4. If the incident c»ies diverge from Y, they 
will after Reflediion converge to X, thofe whicn 
were the incident Rays in the former Cafe being 
the refleded ones in this. 

And lafUy, if the incident Rays proceed 
from the Center, diey fall in with dieir 
reipe£tive Perpendiculars, and for diat Reafon 
are refleded thither again. 

V. Parallel Rays refleded from a convex 
Surface are rendered diverging. 

To fhew diis, let AB, GD, EF, (Fig. 44.; 
be diree parallel Rays falling upon the convex 

Sur- 

ED tends to a Poirit beyond tbe Center* the refleaed Ray DK 
will proceed as from one on the contrary Side, foppofe R ; as ex^ 
plained in the Text under Propofition the VIItL Through D 
draw the Perpendicular CD and produce it to H. Thai will 
£DH and HDK be the Angles of Incidence and Refledion^ 
which being equal, their verdcal ones CDF and CDR will be io 
too : coniequentiy the Vertex of the Triangle FDR is biftded by 
the Line CD : wherefore (3E]em. 6.) RD is to DF or BD vaniflimg, 
RB is to BF as RC to CF ; that is, the Diftanoe of the Focus of 
the refleded Rays is to that of the imaginary Pocus of the incident 
Rays, as the Diftance of the former from the Cmter is to the 
Dinance of the latter from the fame. Q^ £. D. 

Cafe VIII. Of'Ji'Virgifi^ Rofs falling upon a concave Sur^ 
faci^ and frocuding from a Point btfond the Center. 

Dem, Let FB, FD, be the incident Rays having their ^d:^/^^/ 
in P, the imaginary Focus of the incident Rays in the foregoing 
Cafe. Then as £D was in that Cafe itfleaed into DK, FJ> 
wiU now be refleaed into DR j fb that R will the Focus of the 

re- 
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Surface BF whofe Center of Convexity is C, 
and let one of them, viz, GD, be perpendi^ 
calar to the Surface; dirough B, D, and F^ 
die Points of Refledion, draw the Lines CV^ 
CG, and CT, whidi becaufe diey pa& throu^ 
tlie Center will be perpendicular to the Sur^ 
fcice at t|iofe Points. The incident Ray GD 
being perpendicular to the Surface will re* 
turn after Refledtion in the fame Line, but 
the oblique ones AB and £F in the Lines 
BK and FL iituated on the contrary Side 
their refpcftive Perpendiculars BV and FT* 
Thw will therefore diverge after Reflection 
as from ibme Point M in die Line GD 
produced ; which Point, as demonflrated in 
the Note, will be in the nuddle between D 
andC, 

VL 

ItfleAed Rayi. Bat it was demonfirated lo the foregoing Cafe^ 
that RB is to FB as RC to CF; that is, the Piflance of the Focus 
of the tefleded Rays from the Surface is to the Diftance of 
the Radiauf from the fame, as the Difbince of the Focus 
of the refleded Rays from the Center is to the Diflance of 
it» Radiant from thtnce. Q^ £. D. 

. The twp remaining Cafes may be confidered, as the Converfe of 
thofe under Propofition the iecond of this Note, becaufe the inci- 
dent Rays in thefe are the refieded ones in them ; or they may be 
demooftrated in the fame Manner with the foregoing, as follows. 

Ca/i IX.Cmtv^/^ Ravs falling upon a ctmnjex Surface ^and ieniis% 
$0 the Focus of paraUel Raysy become parallel after Reflexion, 

Dem, Let ED, RB, (Fig. 49.) reprei#Bt two converging Rays 
incident on the convex Surfece BD, and tending fowards F, which 
WC will fftftwfuppofe to be the Focus of parallel Rays ; and let DR 
be the rcficded Ray, and C the Center of Convexity o^ the 
npfleaing Surface. TWu^h C draw t^ Line CP> and produce 
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VL Diverging. Rays reflcftcd from the like 
Surface are rendered more diverging* 

For, every thing remaining as above, let 
GB, GF, be the incident Rays. Thefe having 
larger Angles of Incidence than the parallel 
ones AB and EF in the preceding Cafe, . 
their Angles of Refleftion will alfo be larger 
than theirs ; they will therefore diverge after 
Refledtion, fuppofe in the Lines BP and FQ, 
as from fome Point N farther from C than 
the Point M ; and the Degree wherein they 
will diverge, as determined in the Notes, 
will exceed that wherein they diverged before 
Refledlion* 

vn. 



it to H, drawing RH parallel to ED produced to F. Now it has 
been depionflrated (Cafe 5.) where the incident Rays are fuppofed 
to tend to the Point F, that RB is to FB as RC to CF ; but P 
in this Cafe being fuppofed to be the focui of parallel Rajs, it is 
the middle Point between C and B (by Propofition 2d) and 
therefore FB and FC are equal, and confequently the two other 
Terms in the Proportion, viz. RB and RC muft be fo too ; which 
can only be upon a Suppofition that R is at an infinite Difbnce 
from B ; that is, that the refleded Rays BR and DR be parallel. 
Q. E. D. 

Cafe X. Di<vergtng Rays falling upon a concave Surface^ and 
froceeding from the Focus of parallel Rajs, become parallel afier 
Refledion. 

Dem. LctRD, RB (Fig. 50.) be two diverging Rays incident 
upon the concave Surface BD, as fuppofed in the Cafe the fourth ; 
where it was demonftrated that FB is to RB as CF to CR. But 
Jn the preientCafe RB andCR are equal, becaufe R is fuppofed 
to be the Focus of parallel Rays ; therefore FB and FC are fb 
too. Which cannot be unlefs F be taken at an infinite Difiance 
from B i that is, unlefs the refleaed Rays BF and DF be 
puralld. Q^ E. D, 

Obfcnrat 
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VIL Converging Rays reflefted from Ac 
like Surface^ arc parallel, converging or di- 
vcrgingi If they tend towards the Focus of 
parallel Rays, mey then become parallel ; if 
to a Point nearer the Surface than that they 
converge but in a lefs Degree than before Re- 
flexion ; if to a Point between that and the 
Center, they fhall diverge after Refleftilon, as 
from fome Point on die contrary Side the Cen- 
ter, but fituated farther from it than the Point 
Aey converged to 5 if the incident Rays con- 
verge to a Point beyond the Center, the rc- 
flefted ones will diverge as from one on the 
contrary Side of it, but nearer to it than the 
Point me incident ones converged to : and 
if the incident Rays converge towards the 
Center, the rdfledted ones will proceed as 
froQx thence. 

i.Lct 

' 1 Obfcnrat 3. It is ben AJhtnjMt thai in the Cafi tfJtverging 

^^sfaiiiff tipon a convex Surf ace (fee Fig, 49.^ the fttrther 

'^ hint D is taken from B, the nearer the Feint F, the Foctt* 

^^rtJUSedReys, afproacbes to B, nubile the Radiant R remaint 

*y^me. For it is evident from the Curvature of a Circle that 

»* fnnt D rSee Ftg.^i.) ma^ be taken fo far from B, that the 

^^Sed Ray DE fiaU proceed as from F, G, ft or even from Bt or 

fi^anjl Point between Band R* and the farther it is taken from B, 

^^&&ttbe Point, from vihicb it proceeds t approaches towards 

^i Qi tujUl eafify appear if we draw fever al incident Ra^s with 

^^rrej^aive refleaed ones, infuch Manner that the An^es of' 

l^fJUSitn metf be all efual to their refpe£tive Jx^les of Inddena^ 

^ » done in the Fiptre, n$ like is amicable to aty of the otbett 
- - - - I - - Cafefy 
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1. Let them converge in die Lines KB and 
LF tending towards M the Focus of parallel. 
Rays; then as the parallel Rays AB, EF were 
reflated mto the Lines BK and FL (Pro- 
pfit. t.) thofe Rays will now on the contrary 
be reflefted into them. , 

2. Let them converge in the Lines PB, QF, 
tending towards N a Point nearer the Surface 
than the Focus of parallel Rays, they will then 
be reflected into the converging Lines BG 
and FG, in which the Rays GB, GF pro- 
ceeded that were fliewn to be refle<3cd into 

them 



Cafei of di<iier^ii^ or convir^ing Rays incident vpan a ffherkal 
Surface, ^his is the Reafon that^ nuhen Rays are eonfidered at 
refleSted from a fpherical Surface^ the Dijiance of the oblique Rays 
from the perpendicular one is taken fo fmedl^ that it inay be fuppofed 
to vanifh. 

Front hence itfoUonxjs, that if a Number of diverging Rays are 
incident tspon the convex Surface BD at the federal Points By D, D, 
l&c.' tpihf Jhall not proceed after Reflexion as from any one Point in 
the Line RB produced^ but as from a cur<Ve Line pajjifig through 
the federal Points F,fyfi &c. ^he fame is applicable in all the 
other Cafes^ 

. Had the. Curvature BD (Fig, 49. y* beetl Hyperbolical having 
its Foci in R and F, than R beiw ike Radiant (or the imaginary 
Focus ^incident Rayt J Ffwouldtave been the Focus of the refleBed 
§nes, and Vice versay hovoever diftant the Points B and D tnight 
he taken from each other. In Hke Manner hetd the Curve BD 
(Fig. ^o. J been Elliptical ha^ng its Foci in F-and R, the one of 
fheje beir^ fkadeihe Radiant (or imaginary Focus of incident 
kttys) the other voould have been the Focus of the refieSed wee^ 
tind vice versi. For both in the Hyperbola and EUipfis, Lines 
ifovinfrom each of their Foci through any Point make equal Angles 
;*witb the tangent to that P«/»/;YD^ L'Hpfpital SeSii^ns Co- 
. nifues, Liv. ll. Frop, S, ^ Liv. III. Prop, ii.^ Therefore, if 
itt imidint Rays proceed to gr from sine of their Foci, the refleBe^ 

ones 



Ch.IX. plain d?»/fpherical Surfaces, i j 5 

them in the Propofitidn immediately foregoing ; 
but the Degree wherein they will converge, as 
demonflrated in the Note, will he lels tfiau 
that wherein they converged before Reflation. 
3. Letthem converge in djie Lines RB and 
SF proceeding toward X, a Point between 
Ate Focus of parallel Rays and. the Center ; 
their Angles of Incidence will then be lefi 
than thofe of the Rays KB and LF which 
became parallel after Refki^ian^ their Angles 

of 

«us nmll all fr^ceed, as from or to the other. So that in order tiaf 
diverging or con^verging Rays may be accurately refleBed to orfronf 
a Pointy the refle&ing Surface muft be formed by the Refuohttion of 
an Hyperbola about its longer Axis, luben the incident Rays are 
fucb that their Radiant, or imaginary Focus of incident Rays,Jhall 
fall on one Side the Surface, and the Focus of the reflected ones 
on the other : When they are both to fall on the fame Side^ it mufi 
be formed by the Resolution of an Ellipfis ahout its longer hx\z, 
Hvwefver upon Account of the great Facility fwith ivhici f^herical 
Surfaces are formed in Comparifon of that <with ^which Surfaces, 
formed by the Re<tolution of any of the Cormc Se^ ions about their 
Axes, are made, the latter are fuery rarely ufed. Add to this 
another Incon^venience, viz. that, the Foci of thefe Curves being 
Mathematical Points, it is but one Point of the Surface of an Ob- 
jeSl that can be placed in any of them at a Time, Jo that it is only 
in Theory that Surfaces formed by the Revolution of thefe Curves 
about their Axes render Reflexion perfect. 

Now becaufe the focal Didance of Rays reflected from a fphe- 
lic^il Surface cannot be found bv the Analog laid down in the third 
Propoiition of this Note, witnout making ufe of the Quantity 
feught ; I fhali here give an InHance whereby the Method of 
doing it in all others will readily appear. 

Prob, Let it be required to find the focal Didance of diverging 
Rays incideAt upon a convex Sur^ce^ whofe Radius of Convexity 

• I 3 ia 
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ei Rcflcftion will therefore be Icfe, on which 
Account they muft neccfikrily diverge, fappoie 
in the Lines BH and FI, from fome Pomt as 
Y ; which Point for the Reafon given under 
Propofition the fourth will fall on the contrary 
Side the Center with refpeft to X, and, as de- 
monftrated m the Note, will be ferther from 
it than that. 

4. If the incident Rays tend towards Y, the 
refleded ones will diverge as from X, dioie^ 

which 



is 9 Parts, and the Diflance of the Radiant from the Sjoriace 

is 20. 

Sol. Call the focal Diftance foaght x^ then will the Diftance 

of the Focus from the Center be c-^;r, and that of the Radiant 

from the fame 2; ; therefore by Propofition the third, we have 

the following Proportion, 'v/s:. x: 20 :: 5 —— x: 25, ahd» 

multiplying Extreams together and Means together, we have 

2; X, ss 100 «— 20 x, which after due Reduction gives X. 
*— 100 

If in any Cafe it fhould happen, that the Value of x Ihould bp 
a negative Quantity, the focal Point muft then be taken on the 
contrary Side the Surface to that on which it was fuppofed that 
it would fall in dating the Problem. 

If Letters indead of Figures had been made ufe of in the 
foregoing Solution a general Theorem might have been raifed. 
to have determined the focal Diflance of reflected Rays in all 
GaA» whatever. See this done by Dr. Brown in his Supplement 
to Gr4Sf«ry*8 Optics^ pag. 112. Edit. Second. 

Becauft it was obferved (Chap. III. in th^ Notes) that diffe- 
leat incident Rays, though tending to or from one Point, would af- 
ter RefraQioH proceed to or fron^i different Points, a Method >^s 
there inferted of determiiiing the dtftinSi Point, which each fepa- 
rate Ray entringa fpherloal Surface converges to or diverges from 
after Refmilion : the fame has been obieryed ^ere with regard to 
Rays refleaediiom a fplierical Surfece, ^Scc Obfirwat. zlsf %.) 

but 
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which were the incident ones in one Cafi^ 
being the reflcdied ernes in the other. 

And Laftly, if die incident Rays converge 
towards the Center, they fell in with their 
relpe£Uve Perpendiculars ; on which Ac- 
count they proceed after Refleaion, as from 
dience. 

bat the Method ofdetenaioing iheJ/fiha Point, to or ftom which 
any given incident Ray proceeds after RtJUaim, t> miibli mon 
Cmple. It 15 only necef&ry to draw the refledled Ray fuch, that 
the Angle of Refleaion may be equal t6 the Angle of Incidence, 
Fhich will determine the Point it proceeds to or from iq any Cafe 
wluKvcr. ■ ■ ' 



Chap, 



H 5 Of the Appearance of Bodies^ &c. 
Chap. X. 

Vf the Appearance of Bodies feen by 
, W^trefleSied from plain and fphe^ 
rical Surfaces. 

IN the Beginning of the fevcnth Chapter, in 
which was explained the Appearance of 
lies feen through refraBing Subftances of 
various Forms, we laid down fome Obferva- 
tions refpeding the apparent Situation of Bodies 
feen by refraSied Light : all which equally 
rcfpeft the apparent Situation of Bodies feen by 
RefieSihn ; to them therefore we refer the 
Reader. But befides thofe, there is one pecu- 
liar to the Subjeft of this Chapter, viz. That 
each Point in the Representation of an Objeft 
lewherc 
]ugh its 
is per- 

y from 
ic fore- 
going Chapter, in each of which Rays flowing 
fi-om any Radiant are fhewn to proceed af- 
ter Reflection to or from fome Point in a 
Line that paflTes through the faid Radiant^ and 
is perpendicular to the refledling Surface. For 
Inuance (Fig. 43.) Rays flowing from Y 
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are collected in X, a Point in the Perpendi- 
cular CD, that produced paflfes through Y ; 
again (Fig. 44.) Rays flowing from G proceed 
after Refleftion, as from N, a Point in me Per- 
pendicular CD^ that produced paiTes throu^ 
G 5 and fo for the reft «• 

I. When an Objcd: is fteh 1^ Refledion 
£:om a plain Sur&ce, the Image of it appears 
at ^tfame Di fiance behind 5ie Surface diat 
the Objeft is placed before it, of the fame 
Magnitude dicrcwith, and diredlly oppofite to it* 
To explain this, let AB (Fig ^2.) reprefcnt 
an ObjeS: ieen by Refleftion from the plain 
Surface SV, and let the Rays AF, AG be fo 
inclined to the Sor&ce that diey (hall enter 
an Eye at H after Refledion ; and let A£ be 

« 

a This Obfcrvation, except where an Objeft is ftcn by Re- 
flexion from a plain Surface* relates only to thofe Cafes where 
the ReprefematioQ is made by means of fufch Rays, as MX upon 
the refleding Surface with a w^iy ^fmall Degree of Obliquity ; 
becaufe fuch^ as fall at a confiderable Diflance from the Perpdh- 
dtcalar, prooeed not after Reflection as from any Point in that 
Perpendicular (See thefecond and third Obfervations in the fore- 
gomg Chapter) but as from other Points fituated in a certain 
Curve, as there explained ; upon which Account tfaefe Rays are 
neglected as forming a Oonfufed and defqrmed Reprefentatian. 
Ami therefore it is to be remembered, that however the Situation 
of the Eye, with refpeA to the Obje^l and refledling Surface,* 
may be reprefented in (he following Figures, it is to be fuppofed 
as fituated in fuch Mdnner with refped to the Ol\je^, that Rays, 
flowing from thence and entring it after Reflediion, may be fuch 
only as fall with a very fmall Degree of Obliquity upon the 
Surface : that is, the Eye muft be fuppofed to be placed almoil 
diiedly behiifd the ObjeA, or between.it and the, reflefting 
Surface. The Reafon why it is not always fo placed, is.ojjly 
to avoid Omfufion in the Figures. 

perpcn- 
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perpendicular to the Surface: then by the Ob- 
lecvation juft laid down, the Point A will ap- 
pear in fomc Part of the Line AE produced^ 
fuppofe I ; that is, dae oblique Rays AF and AG 
wui proQ^ after Refleftion as from that 
Point, and further, becaufe the refledied Rays 
FH, GK, will have the fame Degree of Incli- 
nation to each other, that dieir incident oned 
have (as was (hewn in Propofition the firft 
of the foregoing Chapter) that Point muft ne- 
cefTarily be at the fame Diftance from the 
Suiface that the Point A is ; the Rcprefenta- 
tion therefore of the Point A, will be at the 
fame Diftance behind the Surface, that the 
Point itfcif is before it, and diredtly oppofitc 
to it : confequently fince the like mav be fhewn 
of the Point B, or any otfier, the wnole Image 
IM will appear at the fame Dijlance behind 
the Surface that the Objeft is before it, and 
direftly oppofite to it ; and becaufe the Lines 
AI, BM, which are perpendicular to the 
plain Surface, are for that Reafon parallel to 
each other, it will alfo be of ^tfame Magnt^ 
tude therewith. As was to be fhewn ^• 

II. When an Objcfl: is feen by Refledlion 
from a convex Surface, its Image appears 
nearer to the Surface, and lefs than the 
Qbje<a, 

Let 

V ^ If the Objedl be placed before a common Looking-glafs, 
and viewed obliquely, three, foar, or more Images of it will 
•npear behind the Glafs. 

To 
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Let AB rFig. 54,) reprefent the Objed, SV 
a reflefling Surface, whofe Center of Convexity 
is C : and let the Rays AF*^ AG, be fb inclined 
to the Surface, that after Refledtion thereat, 
they (hall enter^ the Eye at H : and let AE be 
perpendicular to the Surface! then will tho^ 
oblique Rays AF, AG, proceed after Reflexion 
as from fome Point in tfie Line AE produced^ 
(for the Reafon mentioned under Propofition 
the laft) fuppofe from I ; which Point, be-^- 
caufe die reflcded Rays will diverge more 

To explain this, let ABCD (Fig. 53.) reprefent the GIalk» and 
let £F be the Axis of a Pencil of Rays flowing from £, a Poinl 
IB an Obje£l iituated there. The Rays of this Pendl wi^ll in Part 
be refleded at F, fappofe into the Line FG, (fee the Manner iii 
which Light is refleded Chap. i8.) What remains will (after 
Refradioa at F which we don^t confider here) pafi on to H ; 
from whence (on Account of the Quickiilvcr which is fpreadovcr 
thefecond Surface of Gla^s of this Kind to prevent any of the 
Rays from being tranfmitted there) they will bie ftrongty refleded 
to K, where Part of them will emerge and enter an £ye at Ls 
by this means one Reprefentation of the faid Pdnt will be formed 
in the Line LK produced, fuppofe in M. Again, anothei 
Pencil whofe Axis is £N^ firft refle^ed at N» then at O, and ~ 
afterwards at Pj will form a fecond Reprefentation of the femt 
Poiot at Q. And thirdly^ another Pencil whofe Axis is ERg 
•fter Rcflcaion at ihefeyeral Points R, S* H» T, V, fucccffivcly, 
^ exhibit a third Reprefentation of the fame Point at X ; and 
fooQ in infinitum, The'iame being true of each Point in Umi 
Objed, the whole will be reprefented in the like Manner ; boC 
the Reprefentations will be faint, in Proportion to the Numbec 
ofRefledlions the RaysfufTer and the Length of their Progrei^ 
within the Glafs. We may add to thefe another Reprefentattom 
of the fame Objedl in the Line LO produced, made by fuchot 
the Rays as fall upon O, and are from thence reflected to thp 
%€ at L. 

Thb may be tried by placing a Candle before the Q]ib as 94 
\ and viewing it obliquely, as from L, 

K ifafljr 



J 22 Of the Appearance of Bodies ^ ^c. 

than the incident ones (Prop* the fixth of the 
foregoing Chapter) muft be nearer to the Sur- 
face than the Point A. And fince the fame 
is true alfo of the Rays, which flow from B, 
or any other Point, the Reprefentation IM 
will be nearer to the Surface man^ the Objed ; 
and becaufe it is terminated by the Per- 
pendiculars AE and BF which incline to 
each other, as concurring at the Center, it 
will alfo appear lejh 

III. When an Objedt is feen by Refledion 
from a concave Surface, the Reprefentation of 
it is various^ both with regard to its Magni- 
tude and Situation, according as the Diflancc 
of the Objed from the refleding Surface is 
greater or lefs. 

I . When the Objed is nearer to the Surface, 
than its Focus of parallel Rays, the Image falls 
On the oppofite Side the Surface, is more dijlant 
from it, and larger than the Objed. 
: Thus, let AB, (Fig. 55.) be the Objed, SV 
the refleding Surface, F the Focus oi parallel 
Rays, C its Centcn Through A and B the 
Extremities of the Objed draw the Lines, 
CE, CR, which will be perpendicular to the 
Surface, and let the Rays AR, AG, be inci- 
dent upon fuch Points of it that they fhall be 
refleded into an Eye at H, Now becaufe the 
Radiant Points A and B are nearer the Surface 
than F tlie Focus of parallel Rays, the refleded 
Rays will diverge (Chap. IX. Prop. 4.) and 
» ' will 
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virill therefore proceed as from fome Points on 
the oppofite Side the Surface; which Points^ 
by the Obfervation laid down at the Beginning 
of this Chapter, will be in the Perpendiculars 
AE, BR, produced, fuppofe in I and M : but 
they will diverge in a lefs Degree than their 
incident ones (fee the Propofition juft referred 
to; and therefore the faid Points will be fardier 
from the Surface than the Points A and B, 
The Image therefore will be on the oppoftt 
Side the Surface with refpect to the Objedt, 
it will be more diftant than it, and confc^ 
quently, being terminated by the Perpendi- 
culars CI and CM, it will alfo be larger. 

2. When the Objedt is placed in the Focus 
of parallel Rays, the reflefted Rays enter the 
Eye parallel (Chap. IX. Prop. 4.) in which 
Cafe the Image ought to appear at an infinite 
Diftance behind the reflefting Surface ; but 
die Reprefentation of it, for die^like Reafons 
that were given in the foregoing Caf^ being 
iarge and diJiinSfy we judge it not much 
fardier from the Surface than the Image ^ 

3. When the Objedt is placed between the 
Focus of parallel Rays and the Center, the Image 
falls on the oppofite Side the Center, is larger 
than the Obje(!:t, and in an inverted Pojition. 

Thus let AB (Fig. 56.) reprefent the Objedt, 
SV the refleding Surfac^ F its Focus of pa- 

•r 

'^ See what has been faid cpnceming the apparent Situat:'o:i 
fd Obje^s feen by parallel Rays^ in Chapter VI I. 
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rallel Rays, and C its Center. Through A 
and B the Extremities of the Objcd draw the 
Lines CE and CN which will be perpendi- 
cular to the Surface; and let AR, AG, be 
a Pencil of Rays flowing from A. Thefe 
Rays proceeding from a Point beyond the 
Focus of parallel Rays will - after Reflection 
converge towards fome Point on th? oppofite 
Side the Center (Chap. IX. • Prop. 4. Cafe 3.) 
which will fall upon the Perpendicular EC 
produced > but at a greater Diftance from C 
than the Radiant A from which they diverged, 
(by the Propofition and Cafe juft referred to). 
For the fame Reafon, Rays flowing from B 
will converge to a Point in the Perpendicu- 
lar NC produced, which fhall be farther from 
C than the Point B ; from whence it is evi- 
dent, that the Image IM is larger than the Ob-» 
jeift AB, that it falls on the contrary Side 
the Center, and that their Pofitions are /«- 
verted with refped to each other. 

4. If the Objedl be placed beyond the Center 
of Convexity the Image is then formed between 
the Center and the Focus of parallel RaySy 
is lefi than the Obje(3^, and its Pofition is ///- 
verted. 

This Propofition is the Converfe of the 
forejgoing: for as in that Cafe Rays pro- 
ceeding from A were refleded to \ and 
from B to M 5 fo Rays flowing frpm I and M 
V?iU be refleaed to A and B j if therefore an 

' Objea: 
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Object be fuppofed to be fitxiatcd beyond the 
Centeir in IM, the Image of it will be formed 
in AB, between that and the Focus of parallel 
RaySy will be lefs than the Objedl, and in^ 

verted. 

5. If the Middle of the Objedt be placed in 
the Center of Convexity of die reflecting Surface, 
the Objeft and its Image will be coincident ; 
but the Image will be inverted with relpeft to 
the Objeft. 

That the Place of the Image and die Objeft 
Aiould be the lame in this Cafe needs little 
Explication ; for the Middle of the Object being 
in die Center, Rays flowing from thence will 
fall perpendicularly upon the Surface, and 
therefore jieceflarily return thither again; lb 
that the Middle cf the Image will be coin- 
cident widi the Middle of the Objeft. But 
that the Image (hould be inverted is perhaps 
pot fo clear^ To explain this> let AB (Fig. ^y.) 
be the Objeft having its middle Point C in the 
Center or the reflecting Surface SV 5 through 
the Center and the Point R draw the Line 
CR which will be perpendicular to the refleding 
Surface, join the Points AR and BR, and let 
AR reprefent a Ray flowing from A, this will 
be reflected into RB, for C being the middle 
Point between A and B the Angles ARC and 
CRB are equal ; and a Ray from B will like- 
wife be refledled to A ; and therefore the Pofi- 

tion 
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iition of the Image will be inverted with 
rcfpc6l to that of the Obieft ^• 

6. If in any of the three laft Cafes, in 
each of which the Image is formed on the fame 
Side the refleding Surface with the Objeft, the 
Eye be fituated farther from the Surtece dian 
the Place where die Image falls, the Rays of 
each Pencil, crofling each other in the feveral 
Points of the Image, will enter the Eye as from 
a real Objeft fituated there ; fb that the Image 
wilLappear/^W«/o«5 in the Air between the Eye 
and Qie rellefting Surfk:e, and in the Pofition 
wherein it is formed, viz. inverted Wi^ refpedt 
to the Object, in the fame Manner that an 
Image form^sd by refraSied Light appears to 
an Eye placed beyond it; wmch was fully 
.explaine4 under the fourth Propofition of the 
feventh Chapt^r^ and therefore needs not be 
repeated here;. 

But a$ Jo what relates to the Appearance of 
the Objeifjt when the Eye is placed nearer to 
the Surface tjban the Image, that was not there 
fully inquired into. That Point (hall there- 
fore now be morp ftriftly examined under 
the following Cafe, which equally relates to 
refraSled and reJieSied Light. ' 

A In this Propofition it is to be fuppofed that the Objefl AB 
is fo fituated withrefpe^to the refleding Surface* phat the Angle 
ACR may be right; for otherwife the Angles ARC and BRC 
will not be equal, and Part of the Image will therefore fail upon 
(he Obje£t ancl part o£ 

7. If 
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7. If the Eye be fituated between the re- 
flcdting Surface and the Place of the Image, 
the Objed is then feen beyond the Surface 5 and 
the farther the Eye recedes from the Surface 
towards the Place of the Image, the more con-- 
fufed, larger^ and nearer the Object appears. 

To explain this, let AB (Fig. 58 J reprefent 
the Objedt, IM its Image, one of whofe Points 
is formed by the Concurrence of the reflefted 
Rays DM, EM, &c. which before Refledioa 
came from B -, the other, I, by the Concur- 
rence of DI, EI, &c, which came from A : 
and let /^^ be the Pupil of an Eye, fituated 
between the Surface DP and the Image. This 
pupil will admit the Rays Ha, Kb, which, be- 
caufe they are tending towards I, are fuch as 
came from A, and therefore the Point A will 
appear diflfiifed over the Space RS. In like 
Manner the Pupil will alfo receive into it the 
reflected Rays Ka and Lb, which, becaufe they 
are tending towards M, by Suppofition came 
from B; and therefore the Point B will be 
feen fpread as it were over the Space TV, and 
the Objedt will feem to fill the Space RV ; but 
the Reprefentation of it will be confu/edy be- 
caufe the intermediate Points of the Objeft, being 
equally inlarged in Appearance, there will not 
be Room for them between the Points S and T, 
but they will coincide in part one with another ; 
for Inftance, the Appearance of that Point in 
the Objed, whofe Reprefentation falls upon c in 

the 



128 Of th^ AppearSLticc of Boalies^ ^t, 

die Image, will fill the Space mn^ and fo of the f* 
reft. Now If the fame Pupil be removed into the 
Situation ef^ the refleded Rays E^ and G^\vill 
then enter the Eye, and therefore one Extre- 
mity of the Otgeit will appear to cover the 
Space XY ; and becaufe the Rays Of and L^ 
will alfo enter it in their Progrefi towards M, 
the Point B, from w hence they came, will 
appear to cover ZV ; the Object therefore will 
appear larger and more confufed than before* 
And when the Eye recedes quite to the Image, 
it fees but one fingle Point of the Objed:, and 
that appears diffiifed all over the reflecting 
Surface: for In fiance, if the Eye recedes to 
the Point M, then Rays flowing from the Point 
B enter it upon whatever Part of the Surface . 
they fall : and fb for the refl. The Objedl alfb ap- 
pears nearer ta the Surface, the farther the Eye 
recedes from it towards the Place of the Image, 
probably becaufe as the Appearance of tfie 
Objeil becomes more and . more confufed, its^ . 
Place is not fo eafily diftinguifhed from that c^ 
the reflecting Surface itfelf, till at laft when it ^ 
is quite confufed (as it is when the Eye is arrived 
. at M) they both appear as one, the Surface 
affuming the Colour of the Objedl «• 

As 

« As to the precife apparent Magnitude of an Objeft ften 
after this Manner, it is fuch that the Angle it appears undei' 
ftiall be equal to that which the Image of the lame ObjeOi 
W<Juld appear under^ were we to fuppole it fcen from the (ame 
Piajpe : tha: is, the apparent Objeil (for fuch I muft call it to 

dillingLt^ 
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As each Point in the Reprefentation of an 
Objeft made by Refled:ion is fituated fbme^ 
where in an infinite right Line that pailes 
through its corrcfpondent Point in the Objc6fc, 
and is perpendicular to the reflefting Surface, 
as was (hewn in the Beginning of this Chapter ; 
We may from hence deduce a moft eafy and 
expeditious Method of determining bom the 

^iftinguiih it from the Imagp of thefamtf ObjcA) and the Image 
ibbtend equal Angles at the E/e. 

Dem, Here we muft fuppofe the Pupil of the Eye to be a Point 
only, becanie the Magnitude of that taufes fotne fmall Altcia- 
tjon in the apparent Magnitude of the Objedt ; as we (hall fee hf 
and by. Let then the Point a reprefent the Pupil, then will 
the extreme Rays that can enter it oe H« and £« , the Obje^ 
therefore will apprar under the Angle Via K^ which is eoual to its 
vertical one lAal under which the Image iM would appear, 
were it to be ieen from a. Again if the Eye be placed io/> the 
Objefl appears under the Angle G/0 equal to f/*M which the 
Image iabtends at the £ime Place, and therefore the apparent 
Obje^l and Image of it fubtend equal Angles at the Eye. 
%E, D. 

Now if we fuppofe the Pupil to have any fenfible Ma^tode^ 
fach fuppofe that its Diameter may htah^ then the Object feen 
by the Eye in that Situation will appear under the Angle H ;r L» 
Which is larger than the Angle H ^ K under which it appeared 
before ; becaufe the Angle at x is nearer than the Angle at a^ 
to tlie Line IM, which is a Subtenfe common to them both. 

From this Propofition it follows^ that, were the Eye dofe to 
the Surface at K. the rod and apparent Obje£t would be feen 
onder equal Angles (for th^ real Objed ap(>ears from that Place 
under the fame Ansle that the Image does, as will be fhewn 
at the End of this Chapter) therefore when the Eye is nearef 
to the Image than that Point, the Image will fubtend a larger 
Angle at it than the Objed does i and confeqnently finoe the 
Image and apparent Objett fubtend equal Angles at the Eye, the 
apparent Obje^\ muft neceflarily be feen undef- a larger Angle than 
the ObjeA itfelf, wherever the Eye be placed between the 
Surface and the Image. 

L Mag- 
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Magnitude and Situation of the Image in all 
Cafes whatever. Thus, 

Tlirough the Extremities of the Objed AB, 
and the Center C, (Fig: 59, 60, or 6 1 .) draw 
the Lines AC, BC, and produce them as the 
Cafe requires ; tl^eie Lines will be perpendicu- 
lar to the refleftmg Surface, and therdfore the 
Extremities of the Image will i&U upon them. 
Through F the middle Point of toe Objea: 
and the Center, draw the Line FC and pro- 
duce it till it pafTes through the refle6ling Sur- 
face this will alfo be perpendicular to the 
Surface. Tlirough G, the Point where this Line 
cuts the Surface, draw the Lines AG and' BG 
and produce them this way or that, till they 
crofs the former Perpendiculars; and where 
they cro&, there I and M the Extremities 
of the Image will fall For fuppofing AG 
to be a Ray proceeding from the Point A, 
and falling upon G, it will be refleded to B ; 
becaufe FA is equal to FB, and FG is per- 
pendicular to the refle(5ling Surface ; and there- 
fore the Reprefentation of the Point A will 
be in BG produced as well as in AC, 
confcquently it will fall on the Point I where 
they crofs each other. Likewife the Ray 
BG will for the fame Reafon be refledtcd 
to A, and therefore the Reprefentation of 
the Point B will be in AG produced as 
well as in Ibme Part of BC, diat is, in M 

where 
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whence they crofe. From whence the Propo- 
iition is c|ear. 

If it happens that the Lines will not crofi 
which way foever they are produced, as 'in 
(Fig. 62.) then is the Objedl in the Focus of 
parallel Rays of that Surface, and has no Image 
formed in any Place whatever. For in this 
Cafe die Rays AH, AG, flowing from the Pbint 
A, become parallel after Reflqftion in the Lines 
HC, GB, and therefore do not flow as to or 
from any Point : in like Manner Rays flowinj 
from B are refledled into the parallel Lines K] 
and GA ; fo that no Reprefentation can be 
formed by fiich Refledibn. 

From hence we leam another Circumftance 
relating to the Magnitude of the Image made 
by Reflo^on ; viz. that it fubtends the fame 
Angle at the Vertex of the refleding Surface 
that the Object does. This appears by In* 
i|)ection of the 59, 60, or 6ift Figure, in each 
. of which the Angle IGM, whidi the Image fub- 
tends at G the Vertex of the reflecting Surface, 
is equal to the Angle AGB, which the Objedl 
fubtends at the fame Place ; for in the two nrft 
of ijiofe Figures they are vertical, in the third 
they are the fame. And 

Farther, the Angle ICM, which the Image 
fubtends at the Center, is alfo equal to the 
Angle ACB which t^e Objed: fubtends at 
the iame Place ^ for in the two firfl: Figures 

h z th«y 
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they are the fame, in the laft they are ver- 
tical to each other. 

From whence it is evident, that the Objedl 

^ and its Image are to each other in Diameter, 

either as their rei^^ectivc Diftances* from the 

Vertex of the refledting Surface, or as their Di- 

ftanpes from the Center of die fame. 

IV. As Objefts are muhiplied by being feen 
dirough traniparent Media^ whofe Surfaces are 
properly difoofed, as was explained (Chap. VIL 
rrop. 4.) fo they may alfo by reflefting Sur- 
faces. Thus, 

1. If two reflefting Surfaces be difpofed at 
right Angles, as the Surfaces AB, BC, (Fig. 
63.) an Objeft at D may be feen by an Eye 
at £,' after one Refledion at F, in the Line 
EF produced ; after two Refleftions, the firft 
at G, the fecond at H, in the Line EH pro- 
duced ; and alfo after one Reified ion made at 
A, in the Line EA produced. 

2. If the Surfaces be parallel, as AB, CD, 
(Fig 64.) and the Objed be placed at E and 
the Eye at F, the Objed will appear multiplied 
an infinite Number of Times : Thus, it may be 
feen in the Line FG produced, after one Re- 
fledion at G ; in the Line FH produced, after 
two Refledions, the firft at I, the fecond at 
H; and alfo in FP produced, after feveral 
fuccefiive Refledions of the Ray EL, at the 
Points L, M, N, O, and P : and fo on in in- 

Jinitum. But the greater the Number of Re^ 

iftedion^ 
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fledions are, the weaker die Reprefentation 
will be. 

There are reflefling Surfaces made, fbme 
cylindrically convex, odiers cylindrically conr 
cave 5 both which Kinds are defigned to ren- 
der the Image of an Objeft deformed, or the 
contrary, by augmenting or diminifhing it in 
one Dimenfion and not in another ; tor the 
former Sort are convex one way, viz. round 
their Axes^ and plain the other, viz. length- 
wife ; the other are concave round their Axes^ 
and plain the other way : upon which Account 
Surfaces of thefe Kinds necei&rily have fuch 
Effedis. 

When a very deformed Pifture, or rather 
no Pi<5lure at all, but a feemingly irregular and 
accidental Pofition of Colours is placed be- 
fore one of thefe Surfaces, and feen by Re- 
fiedion from thence, a beautiful and well pro- 
portioned Image fhall appear therein. But to 
explain Pbanomena of mis Kind is not the 
Intent of this Compendium. Enough has been 
faid to explain the Principles of Catoptrics. 
Pafe we on now to the third and kfl Divifion 
of Optics^ viz. the Dodfrine. af Colours. 
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Chap. XL - 

Of the different Refrangibility in the 
Rays of Light ; of the Colours the 
diftind Species of them are difpofed 
to excite ; and of the Caufe oj that 
Variety of Colours which is obfer- 
vable in Bodies. 

IN treating of the Rcfra^ion of Light in the 
Beginning of this Part, we fuppofed that 
all Light, in pafling out of one Medium 'vAo 
another of difierent Denfity, is equally refirat^ed 
in the fame or like Circumflances. This is the 
Notion the Fhilofdphers befwe Sir Ifaac New^ 
toffs Time had of it ; but that indefatigable and 
circumipefl: Author has difcovered that it is 
not fo, but that there are different Species of 
Light 5 and that each Species is dijpofed both 
tojuffer a different Degree of Refrangibility 
in faffing out of one Medimn into another^ and 
to excite in us the Idea of^ a different Colour 
from the refi\ and that Bodies appear of that 
Colour which arifes from the Compofitioh of 
the Colours thefeveral Species they refleSl are 
difpofed to excite. 

There are Abundance of Experiments brought 
by Sir Ifaac Newton and omers for the Gon- 

^ firmation. 
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firmatlon of this Doctrine ; I (hall only feleft 
the following ones, which will fufficiently il- 
luftrate the Propofition, and evince the Truth 
of it. And 

Firft, There are different Species of Light, and 
each Species is di^oied to fufier a different 
Degree of Refrangibility, and to excite die Idea 
of a different Colour. 

To (hew this, let a Room be darkened, 
and the Sun permitted to fhine into it through 
a fmall Hole in the Window*fhutter, and be 
made to fall upon a Glafs Prifm (by which is 
meant a Piece of Qla& of a triangular Fonn, 
fuch as is reprefented in Figuie 65.) dien will 
die Sun's Light in paifing dirough this Prifm 
fii0er different Degrees of Refradtion, and bv 
dut means be parted into different Rays» which 
Ra3rs being received upon a clean white Paper 
will exhibit the following Colours viz. Red^ 
Orange^ Tellow, Greeny Blue^ IndigOy and a 
Violet Purple. Thus, let AB (Fig. 66.) re- 
prefent the Window-fhutter, C the Hole in it, 
DEF the Prifm, ZY a Ray of Light coming 
from die Sun, whidi paffes through the Hole 
and £ills upon the Priun at Y, and if the Prifm 
were removed would go on to X, but in 
entring its firft Surface £F fhall be refraded 
into me Courfe YW, falling upon the fecond 
in JW, where in going out into the Air it fliall 
be rdfraded again. Let the Light now, after 
it has pailed me Prifm^ be received upon a 

Sheet 
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Sheet of white Paper GHIK held at a propdr 
Diftance^ and it will exhibit upon the Paper 
a PiiSufc or Image at LM of an oblong Fi- 
gure, whofe Ends are femiciccular and Sides 
ftrait. And it (hall be variegated with Co- 
lours after the foUowmg Manner. From 
Ae Extremity M tD fome Length fuppofe to 
the Line w, it fhall be of an intenfe Red\ 
from no to pg it (hall be of an Orange Colour ; 
from pg tp rs it (hall be TeUow ; from thence 
to tu it (hall be Green ; from thence to wx 
Blue ; from thence to yz Indigo ; and from 
thence to the End Violet. And if the whole 
Image be divided lengthwife into 360 equal 
Parts, the Red (hall take up 45 of them, the 
Qrange 27, the Tellow 48, «ie Green 60, 
the Blue 60, the Indigo 40, and the Violet 
8o^- 

To 



^ Sir Ifaac' Nenvt^fi in his Optics has (hewn; hotv from the 
KefradUon of the moil refrangible and ]eaft refrangible Rays, to 
find the Refradlion of all the intermediate ones. His Rule is 
this, if the Sine of Incidence be to the Sine of Refradion in the 
kail refrangible Rays as AV to 6C (Fig. 67.) and to the Sine 
of Refra6lion in the moft refrangible as AV to BD; and if 
C£ be taken equal to CD, and then £D be fo divided in 
F, G, H, I, K, L, that ED. EF, EG, EH, EI, EK, 
EL, EC, may be proportional to the eight Lengths of mufical 
Chords, which (hall found the Notes in an 06lave, ED being 
the Length of the j^, £F the Length of the Thne above tliat 
Key, EG the Length of the lejer Third, EH of the Fourth. 
• £1 of the Fiftb, EK. of the greater Sixth, EL o^ the 
Seventh, and EC of the 03a<ve above that Key; that is, 
if the Lines ED, £F, EG, EH, EI, EK, EL, and 
F.C bear the fame Proportion to each other as the Numbers 
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To render this Proof complete, we muft now 
flifew, that thefe Difpofitions of the Rays of 
Light, to produce fome one Colour, and fbme 
aaother, which manifefl themfelves after being 
refrafted, are not wrought by any Aftion of 
die Prifm upon them, but are originally inhe- 
rent in thofe Rays ; and that the Prifm only af- 
fords each Species an Occafion of {hewing iti 
diftmdt Quality, by feparating them one from 
the other, whicn before, while they Were blend- 
ed together in the unrefradtcd Li^t of the Sun» ' 
ky concealed. 

This will be proved by the following Experi- 
taent; Things remaining asin the foregoing one^ 

*»|. h is Vf h ?t; 4; rcq)eaivcly. then (hall BD. atd 
BF bfc the .Limits of the Sines of Reflation of the violet Rays ; 
tbat is, the 'vhiet coloured Rays fhall not all of them hav& 
prccifely the fame Sine of Refradbion, bat n6ne of them ihall 
hrt a greater Sine than £D nor a lefs than BF, though there 
be «wfl/^/ coloured Rays which anfwer to any Sine of Rcfradioir 
tliat can be taken between thefe v^o, th the fame manner BF 
and BGare the Limits of the Sines Of Refradion c^ the Irt- 
d^o; BG and BH are the Limits belonging to the B/ue; Bt^ 
vid Bf, the Limits |)ertaining to the Green ; BI and BK, the 
Limits for the Teilo'-w ; BK abd BL. the Limits for the orange 
I coloured Rays ; and laitly BL and BG, thofe of the Sines of Re*^ 
! ixaf^ion belonging to the ked. 

I And particularly, wh^n Light paiTes out of Clafs into Air; 

if the Sine of its Angle of Incidence be co, the Sine of the 
Angle oT Refr^ion of the Red will De between 77 and 
77i, of the Orange cbloured between yyj and 77!, of the 
hl^ beiwtek yjf guid yj^j, of the Green between 77^ and 
77t, of the Blue between 777,, and 77-I, of the Indigo between 
7";*. and 77I and of the <vioIef coloured Rays between 77 J 
Hod 78^ 

M let 
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let another Prifm, as NO (Fig. 68.) be placed 
either immediately^ or at fome Diftance after 
the firft, in a perpendicular Situation with re* 
fped to the former, io that it may rjcfradt the 
Rays iffuing from the firft, fideways. Now, if thia 
Prifm could feparate the Light which falls upon 
it into coloured Rays, as the other did, it would 
divide the Image breadthwife into Colours^ aS 
before it was oivided lengthwife ; but no fuch 
Thing is obfervable : For the Image fhall only 
be thrown out of the perpendicular Situation 
LM into the oblique one PQj^ the upper Parts^ 
which were more refi-aQed in the former Cafe^ 
being more refraded in thisy and therefore made 
to recede farther fideways from their former Si- 
tuation L, thanf the lower ones are fi'om M. And 
farther, each Colour fhall be uniform from Side 
to Side in the oblique Image, as well as in the 
|)erpendicular one. 

If there be any Objedlion againit the Suffici- 
ency of this Proof, it muft be, that the Rays^ 
when they fall upon the fecond Prifm, are not 
all in like Circumftances^ with regard to their 
Inclination to its Surface ; I ihall therefore, to 
obviate that Objedtion, add one more Experi- 
ment which feems to be peculiarly adapted ta 
that Pufpofe. It is as follows : 

Two Boards A B, C P, (Fig. 69.) being 
erefted in a darkened Room at a proper Di- 
ftance, one of them AB, being near the Win- 
dow-fhutter EF, a Space being only left for the 

Prifm 
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Prifm GHI to be placed between them ; fo 
that Part of the Rays, which enter the Hole 
M, may, after paffing through the Prifip, 
be tranfinitted through a fmaller Hole K^ 
made in the Board AB, and pailing on from 
thence go out at another Hole L, made in 
the Board CD, pf the fame Size as the Hole 
K, and fmall enough to tranfinit , the Rays of 
one Colour only at a Tinie ; Let another Prifiu 
FQR be placed behind the Board CD to receive 
the 'Rays palling throu^ the Holes K and L, 
and after Refraftion by diat Prifm, let the Ray$ 
fall upon the white Surface ST, Suppofe, firft, 
Ac violet Light to pafs through the Holes, an4 
to be refradted by the Prifm PQR to s, wiiich, 
if that Prifm were not there, would have pafled 
on to W. If the Prifin GHI be turned about 
flowly, Co that the incident Ray ZY may fall 
more obliquely upon it, while the Boards and the 
other Prifm remain fixed, in a little TimQ ano^ 
ther Colour, fuppofe JndigOy which we may ' 
fuppofe befprc to have proceeded to /, will 
pais through the Holes K and L, and, if the 
Prifin PQR were away, would proceed like 
the former Rays to the fame Point W. Now 
the Refradlion of this Prifm will not carry 
thefc Rays to i as it did the other, but to 
fome Place lefs diilant from W, as to t. 
But it is manifeft that the Holes K and. L being 
in the fame Situation! in each Cafe, both Sorts 
of Rays enter the Prifm PQg. under the fame 
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pircumftances, for they are equally inclined 
to its Surface RP, and enter it at the fame 
Point thereof; which (hews that the one Spe^ 
cies is more diverted out of its Courfe ty 
Refradlion than the other is, when the Cir- 
cumftances of Incidence are the fame in each. 
Farther, if the Prifm GHI be turned about 
tijl the Rays which exhibit Blue pafs througl^ 
the Hole L, thefe will fall upon the Surface 
ST below ?, as at ul and therefore are fubjedl 
to a lefs Degree ot Refrstdtion than fuch aq 
produce Ifidigo. And thus by proceeding it 
will be found that the Green is lefs refraSe4 
than the Blue^ and fo of the remainmg Co- 
lours, according to the Order in which they 
are reprefented in an Image formed by a 
fingle. Prifrn §• 

g There are Abundance of Experiments made by the Author 
of this Doflrine and ethers for the Confirmation of it, as was 
obferved above. To give them all at full Length would tire 
the Reader. As that if a Body be painted one half Red, and' 
the other Blue, and then viewed through ^ Pj-ifm ; the appa- 
rent Place of the one half (hall be different from that of xke 
other : and if it be painted with a Mixture of thefe two Colours 
It (hall appear confufed and deformed. Both which evidently 
fliew that the Rays, which each of thefe Colours refleft, fufFcr 
different Degrees of Refraflion in paffing through the Prifm. 
And if two' Bodies be painted, the one Red and the other 
Blue, and the Rays which flow, from them be made to pafs 
through a convex Lens, the Focus, made by the Concurrence of 
the Rays wh'ich' flow from that wliich Is painted with Blue, 
ihall fall at a lefs Diftance behind the Lens, than that which 
is made by thofe which come from rhe Red one.- See the 
Experiment made' by Dr. DefaguUers in a \try accurate Man- 
ner (Philofoph. Tranf. N^. 426.I in Oppofition to Senr. Rifxetti, 
y^^Q difpytw the ^onclufivencfc of Sir l/acicNf'wton's Experiment^; 
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And alfo each Species of Rays is diipofcd 
to excite in us the Idea of a different Colour^ 

This is fufficiently clear from what has been 
already faid, and is farther confirmed by what 
follows, viz. That whatever Species of Rays 
are thrown upon any Body, they make that 
Body appear of their own Cok)ur. Thus 
Minium in red Light appears of its own 
Colour ; but in yellow Light it appears yellow j 
and in green Light it appears green 5 in blue^ 
blue; and in violet-purple coloured Light it 
appears of a purple Colour : in like i;nanner 
Verdigreafe will put on the Appearance of that 
Colour in which it is placed. But each of 
thefe Bodies appears moft luminous and bright 
when enlightened with its own Colour, and 
dimmeft in fuch as are moft remote from 
that. 'Tis certain therefore each Ray is dit- 
pofed to excite its own Colour, which is 
neither to be alter'd by Refraction nor Re- 
flexion. 

Thus much in Confirmation of the firft Part 
of the Propofition, viz. That there are diffe- 
rent Species of Light, that each Species is 
di^ifed to fuffer a different Degree of Re- 
frangibility, and to excite in us the Idea of a 
different Colour. We proceed now to the 
fecond Part of the Propofition, viz. 

2. That Bodies appear of that Colour, which 
refults from a Compoation of thofe Colours, 

whidi 
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which the fevcral Species they reflcia are dif* 
pofed to excite. 

We have juft now feen that each Ray, 
whatever be the Colour of the Body it is re- 
Belted from, is able to excite no other Idea 
than that of its own Colour ; and that coloured 
Bodies refled: not all the different Sorts of Rays 
thgt fall upon them in equal Plenty ; but fome 
Sorts, viz. thofe of their own Colour, much 
more copioufly dian others. We will now pro- 
ceed to ftiew, that the other Colours may be 
produced from a Mixture of thofe feven, which 
Rays of Light when feparated hy a Prifm are 
(jiifpofed to exhibit, 'viz. Redy Orange, TelloiL^ 
Green^ Blue^ Indigo^ and Violet. From whence 
it will be rational to conclude, that Bodies 
appear of that Colour which arifes from die 
Mixture of thofe which they refle<9', 

I. All the prifmatic Colours {viz. thofe 
which are made by the Prifm) mixed together 
appear whjte, a little inclining to Yellow, fuch 
as is that of the Sun's Light, 

To (hew this, let a convey Lens be placed 
between the Prifm and the Paper which re^ 
ceives the Image, in order that the Rays fc- 
pamted by it may be colleded into a Focus ; 
and let the Focus, fall upon die Paper, then 
will the Spot where it falls appear white. And 
that the Whitenefs of this focal Point is owing 
to the Union of thofe • Colours, appears from 
hence, that if we remove the Paper from the 
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fopal Point, and fiifFer &e Rays to crofs eadi 
other in the Focus j and if when they have pro- 
ceeded to fome Diftance beyond, they be then 
received upon the Paper, the fame coloured 
image will be exhibited, but inverted, becauib 
the Rays ctofe each other in the Focus ; an 
evident Proof that the Whitenefs of the Spd^. 
Was owing to Nothing but the Mixture pf me 
Rays conftituting the fevcral Colours of the 
Image. But if the Rays of any particular 
Colour be intercepted before they are collected 
b the faid Spet, it then appears not t>nly of a 
different Colour from what it did before, but 
different from any q& the prifmatic Colours 
taken feparately. 

Of if the Circumference of a Wheel be 
|)ainted with the prifmatic Colours taken in 
the fame Proportion with refpedt to each other, 
in whith they are exhibited in the Image made 
by the Prifin^ and the Wheel be turned fwiftlv 
iibout^ the Circumference of that Wheel ihail 
appear "white t if they are taken in < odier 
Proportions, the Colour <£ tl% Whfiel v^en 
turned about wiU vary accordingly • Frotti 
whence this Part of me Propofition is flllb 
abundantly clean 

No Compofition of thefe Colours will prcM 
duce Kack : That being no Colour, but the 
Defeft, or Abfence of all Coteur whatever. 

That Species of Light, whit^h is difpofed ft> 
fuffer a greater Degree, of Refra(3io% requires 

pro- 
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prraortmiallj le& Obliqtiity at the fecond 
Sunace of any Medium to occafion a total 
RefleBiov of it there; fo that it is poffiblc 
that a Ray of Light may pafs Arough a Me- 
dium with iuch Obliquityj that only that Part 
of it which is difpofed to exhibit a njiolet 
Colour fhall be renedlcd at the fecond Sur- 
face, and all the reft tranfinitted there; This 
indeed is a neceflary Confequence of what was 
obferved concerning the Rcfledlion of Light 
at the fecond Surface of any Medium \ (Ghap. 8.) 
n)iz. that the Refledion of a Ray is total, 
when the Obliquity of the incident Ray is 
fuch, that the Angle of Refraction ought to 
be equal to, or to exceed a right one. I fay 
diis is a Gonfequence of that, becaufe the 
Angle of the Rerradtion of the vhlet coloured 
Light is larger than the Angle of Refradion 
of any odier, though their Angles of Inci- 
dence be equal. And accordingly thus it 
happens, as appears by the following Experi- 
ment 

Let AB (Fig. 70.) reprefent the Window- 
fliutter .of a darkened Room; G an Hole tb 
let inaRay of the Sun, DEF, GHI, two Prifiiis 
fo applied together that the Sides EF and 
GI be contiguous, and die Sides DF and GH 
parallel: In this Situation Light will pafs 
through them without any Sepafation into 
Colours J for the oppofite Sides being parallel, if 
the Rays arc . refradcd one Way where they 
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^ is, they ^vill be as much refradtcd the 
contraiy Way whece they go out (See Pa^ 51.) 
But if it be anerwadis leceived by a (iiird Prifm 
KLM, it will be divided fb as to form upon any 
white Body NOYU the ufual Colours, Fiolet 
at iy Indigo at mj Blue at Uy and Red at r. 
Now let it be fij^ofed that the Surfaces £P 
and GI are not quite doie togedier, but that 
the Rays, in pafling from one to the other, 
pais through a Medium {viz. the Air) of xiifie- 
rent Denfity from that of the Prifms: and 
that the Ray ZC is not fo much inclined 
to the fecond Surface of the firft Prifm as 
to caufe a total Refleflion of any one Spe- 
cies there ; then will Part only of each Species be 
reflefted and Part tranfmitted, agreeably to 
what was obferved (Chapter 8.) concerning 
the Manner of Rcfle^n* Let nqw the re- 
flefted Rayv be reoeiyed by a fourth Prifm 
TXV; thd^ after paifing diroudsi it, will 
paint upon a white Sutface RS me Colours 
of the Prifin, viz. Red at 5, Orange at /, 
Telhw at v^ and Violet at z. Let now die 
Prifins DBF, GHI, be Qowly turned about, 
keeping ftill the fame Situation with refpeft 
to each other, until the Obliquity of the Rays 
ZC to the Surface EF be fo far increafed, 
that there ihall begin to be a total Refledlion 
of ihcm there. In which Cafe it is obfcrvable^ 
that firft of all the violet Light will be 
totally rcfledlcd, and will therefore difappear 
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at ly a^jpearing inflead hereof at z, and inr 
croaiing the wttlet Light which fell there before. 
And when the Rays ZC become more 
oblique by the Prifins being turned ferthcr 
abou^ die Iruiigo fhall be totally reflcded, 
Disappearing at m^ but filing upon y, and 
makmg the violet diere moie intenfe. And 
by turning the Prifins ftill fardicr about, all 
the remaining Colours will be fiicceffively re>r 
mqvfd from die Surface PQjo RS. 
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CHAP. JCit 

0/ the Qualincatiolis i?i Bodtei^ iJobich 
dijpofe thetti to refleSi the Rays of 
diflereUt Colours. 

WE ixt now td mqiiire what it iS that 
gives Bodies this Power of rcfledting, 
feme one fort of Rayimoft copiouIJ^,- and fbme 
another,' And diifi is probably no odier than 
die different Magnitude of the Particles where^ 
of they are compofed; as wiU appear front 
'^ following Obfervations^ 

If Water be prepared with Soap fo as to 
tender it fhfHciently tenacious, and then blown 
tip into a Bubble 3 it is obfervable, diat as the 
Babble grows -thiimer, anddiinner Tai it will do 
by reafbn of the Water's continHaily naming 
down from the Top 6f it^ till it bteaks) diffe- 
rent Colours will arife one after another at 
die Top of the Bubble^ ^reading thefnfelves 
into Ring^ arid defcending t&l th^ vanifh 
^ the Bottom in the &me Order tney arofe 
at Ae Top. Thus, in an Experimient of thisr 
Ktnc^ tried by Sir Ifaac Newton^ the Colour* 
arofe in dus Order; firfl Red^ dien Blue y 
to which fucceeded Red a fecond Time^ andi 
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Blue immediately followed; after that lied 
a third Time^ fucceeded by Blue ; to which 
followed a fourth Red, but fiiccecded by Greeny 
after this a more numerous Order of Colours; 
firft Red^ then Tellow^ next Green and after 
that Blue^ and at laft Purple ; then again, 
K^y, TelloWy Green^ Bhe^ Violet followed 
each other ; and the laft Order of Colours that 
arpfe was Redy TelloWy Whiter Blue ; to which 
fucceeded a dark Spot that ^&xdsA fcarce any 
Li^t) though it was obferved to caufe fome 
very obfcure Refleftion, for the Image of the 
Sun or a Capdle mi^t bQ &intly difcemed ia 
it; and this lail Spot fpread itfelf mote and 
piore, till the Bubble broke. 

Now 'tis apparent that tibe only Rcafon>.whjjc 
thofe difierent Colours fucceeded each other at 
the Top of the Bubble in the abovementioned 
Manner, waB becaufe its Thickneis in that Part 
continually varied, till it broke. It remained 
^erefore to examine what waa the Thickncft 
©f the BubWe iat the Top, at the Tunc \\t 
exhibited .eash particular Colour* And thia was 
cfFeded bjr the following. Contrivance, "om^ 
^ taking the Qbjefit Glaft of a long Telefcopd, 
$ich having bllba very fijaall Degree of Om- 
yexity, and plaieihg it upon a flat. Gla£ : thefc 
Glaftes by reafon of the Convexity of die fiarmer 
would touch .but in one Pobt^ and the DifllancG 
between th«tn;,3A^herB they didnot touch, would 
be exceedingly fmall, bjt larger the £urdier 

we 
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wc codfider it fiom the Point of Contaft. Now 
Water bekig put between diefe Glafles the fame 
Coidifs appeared as in the Bubble, in the Form 
cf Ck'cle^ or Rings furrounding the Point 
where the Glafle^ toudied, which Point ap- 
peared Wack, like the Top of die Bubble 
when it was thinneft. Next to this Spot lay 
a blu6 Circle, and next without that a white 
one, and ib on in the &me, but c5ontrary Order 
to dbat in w4uch the Colours arofe on the 
Top of the Bubble. 

Now the Diftance between the Glafles, that 
% the-Thickncfi of the Body of Water between 
(hem, Wheife it exhibited any one Colour of 
a particular Order, was equal to the Thicknefs 
0t the Bubble at the Time the fame Colour ap- 
peared upon it For though the Medium toe. 
Light muft pafe dirough to come at the Water 
is in one Cafe Glafe, and in the other. Air j 
that makes no Difference in die Species of the 
CoXonf reflefled from the Water : for Pieces of 
Mufcovy Giafs, made thin enough to appear 
coloured, would have their Coburs fade4 but 
not the Species of them altered by being made 
wet with Water. Bat it was found that tranf- 
parent Bodies of different Denfity would not, 
under the fame ThicknelFes, exhibit the fame 
Colours : for if the forementioned Glafles were 
laid Upon each other without any Water be- 
t^iveen thent, the Air between them would 
then afford the feme Colours as the Water, 

. but 



but more expanded, io that each Ring had a 
larger Diameter, though they bore all the fzxmi 
Proportion to each other j fo that theThickae^ 
t)f me Air proper to reflc<9b each Colour was 
in the fame Proportion larger, ' than the Thick- 
nefe of the Water adapted to refleffc the 
fame/ 

Farther, all the Light which is not re-» 
fiedled by the thin Subftances, whether of Air 
or Water contained between the Glaffes, is 
frahfmitted through them ; for when viewed 
from the other Side, they exhibit alio coloured 
Rings as before, but in a contrary Order ; for* 
die middle Spot, which in the other View 
appears black tor Want of refledled Light, now 
looks perfedtly white ; next without this Spot 
the Light appears tinged with a yellowifh Red^ 
where the White appeared before^ it now feems 
Black ; and (b of the reft. 

It is farther obfervable, that the foremen- 
tioned thin Plates, whether of Air or Water, 
do not appear of the fame Colour when 
viewed obliquely, as when feen diredt: for if 
the Rings and Colours between a convex and 
plain Glafs be viewed firft in a direft Manner^ 
and then under different Degrees of Obliquity, 
the Rings will be obferved to dilate themfelves 
as the Obliquity is increafed. But a Plate of 
Air between the GlaiTes alters its Colour much 
fboner than the Water in the Bubble which 
i$ furrounded with Air. For in the Water 

when 
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v^hen viewed obliquely the fame Colour might 
\^ fcen at more than twelve Times the Thick- 
nefe it appeared at under a diredl View ; but when 
the Air was viewed under fuch an Obliquity thj^t 
the Thicknels of the Plate, where it was obfervecj, 
^as but half as much again as when it was viewed 
direSly, a different Colour appeared. 

Laftly, the fame Colour refleded from a 
denfer Subftance reduced to a tlain Plate, and 
furrounded by a rarer, will be more briflc, 
than die fame Colour, when refleded from 
a thin PJate formed of the rarer Sul?ftance, 
and furrounded by the denfer, as was found 
by blowing Glafs very thin, which exhibited 
in the open Air mpre vivid Colours, than t]|e 
Air does between two C51afles. 

As to the Thicknefe of the Plate of Air by 
whidi the feveral Colours were rcfledted, it 
was found by carefully meafuring the Diftances 
<£ the Rings from the Point where the Glaflcs 
pouched, mat the Diftance between the Glafles 
where the firft Order of Colours was refledled, 

was from 7^$o5S to ^%^ Part of an Inch; 

that where the fbcond, was from ,7800^ to 

i78d5J ; that where the third, from i^s j^ tq Yjsoooj 
and fo on in a Series of the odd Numbers: 
and that the Diftance of the Glafles, where the 
firft Order of Colours that was tranfmitted 

pafled through, was from o to ifs^ Part of 
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an Inch; dm where the lecond, was from 

7^8*0^ to ijksh ; that where the third, from 

iTW to T^i^y and on fo on in a Series of die 
even Numbers. And the Thicknefe of a Plate 
of Water, where it refleded or tranfmitted the 
fame Colours, was J of the Thicknefe of the 
Plate erf" Air. 

Now we learn from Experinlents made 
with die Microfcope, that the leaft Parts of 
almoft all Bodies are tranfoarent 5 or the fame 
may be experienced in the following Man- 
ner : Take a very thin Plate of the op^eft 
Body, and the Room being darkened apply 
it to a finall Hole in the Window-fhutter, and 
i»will fufEciendy difcover its Tran^arency. 
This Experiment cannot be fb well performed 
with a white Body, becaufe of die flxong re- 
fieftive Power in fuch 5 but even thofe, when 
diflblved in j4qua Fortis or other proper Men^ 
firutcm^ do alio become tranfparent. Where- 
fore if we fliould fuppofe any Body reduced 
to a Thinnefs proper to produce any particular 
Colour and then broken into Fragments, ia 
all Probability they would exhibit the fame 
Colour, and an Heap of fuch Fragments 
would conftitute a Body di that Colouf : fo 
that the Caufe, why fome Bodies reflefl; 
one Sort of Rays moft copioufly, and fome 
another, is probably no other than the 
different Magnitude of their conftituent 

Par- 
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Particles K This will be farther confirmed by. 
Particulars, . The Cdours in the &mc Part of 
a Peacock's Tail vary as the Tail changes its 
Poftore^ with relpcd to the Eye; juft ib the 
Aln Plates of Air pr Water appear of a dif- 
ferent Colour in the fame Plate when view'd 
diredly, from what they^ do when feen ob-^. 
iiquciy, as was obferved above. The Colours of 
feilks, Clodis^ and other Subftahces^ which Water 
or Oil can intimately penetrate, become faint 
and dull by being wet with fuch Fluids, and 
recover their Brighthejfe when dry 5 juft as we 
obferved; th^t Plates of Mufcovy GUfs grew 
faint and dim by wetting. All which Parti- 
fculars; and many more that might be pro- 
duced, give abundant Proof of the prcfent 
Point K 

, ^ This Sir J/aac Newtoti thinks a probable Gr6un<J fbir making 
Conjefture concerning the Magnitude of the conflftuent Particles 
h£ Bodies. The Green of Veg^bles he takes to be of the 
third Order; as Kkewtfe the Blue of Syrup of Violets. The 
sttnrt Colour of the Sky; he thinks is of the firil Otxler, aa 
alio the moll ibtcnfe a^d luminous White ; but if it is lefs ftrong, 
he then conjefbires it to be a Mixture of the Colours of all Or*' 
ders. Of the latter Sort he takes the Colour of Linen, Paper; 
^nd ibch like ^bftances to be ; but white Metals to be of (he 
former Sort. For producing B/iiciy the Panicles muft be fmaller 
than for exhibiting any of the Colours/ 1;/^. of a Size anfwering- 
f 6 the Thicknefi of the Babble wher^ it refleaed little ot no Light; 
ted for that Reafon appeared coloarlefs. ^ 
if see Six' J/iUK Niwfcn's Optics, pafim. 
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CHAP. xra. 

Of the Caufe of Opacity d/W Tran^- 

Iparency in Bodies* 

WE obferved abbve (in Chap, viii.) that 
when two Mediums or tran(parent 
Subftances of equal Denfity arc coatiguous^ 
or as near to each other as the Glafles where 
the Light was wholly tranfmitted, a Ray of 
Light will pafe from one to the other with- 
out fuffering either Refledlion or Refraftion j 
but if they differ in Denfity, the Light will 
undergo both j Part of it being refleded and 
Part refraded. Juft fo it is widi a Ray of 
Light in pafling through the different Par- 
ticles of the fame Body. For Inflance, if 
when the Ray has pafTed through any on« 
Particle of a Body, it finds another conti- 
guous to it, it will enter that Particle with- 
out Interruption j but if at its Emerfion out 
of that Particle, it enters a Pore fufiiciently 
large, Part of it will be tranfmitted and Part 
reflefted. Thus will the Light every time it 
enters a Pore, unleis it be an exceeding fmall 
one, be in part refledted : So that nothing 
more feems neceflfary to render a Body opake, 
than that the Particles, of which it is com- 
pofed> touch but in few Points, and that the 

Pores 
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Pores of it be very numerous and large ; 
fo that the Light, which enters it, may by 
numerous Refraiftidns and Reflexions be ftifled 
and loft vdthin it. On the contrary, if the 
Particles of a Body touch each other in many 
Points, and its Pores be few and fhiall, or 
filled widi a Subftance of nearly an equal 
Denfity with the Particles of the Body, that 
Body will be tranfparent. 

In Confirmation of this, we may obferve, 
that opake Bodies become tran^arent by 
filling their Pores with a Subftance nearly 
of the fame Denfity with that of their foHd 
Parts: As when Paper is made wet with 
Water or Oil ; when Linnen Cloth is dipped 
in Water, oiled, or varniflied, or the Oculus 
Mundi Stone , fteeped in Water. Befides, as 
filling the Pores of an opake Body renders 
it trani^arent, io on the other hand evacuat- 
ing the Pores of a Body that is tran^arent, or 
ieparatmg the Parts of it from one another, 
makes it opake 1 as Salt or wet Paper by 
being drieo, and Gla& by being powder'd, 
lofe their Tran^arency, or Water beat up 
into Froth. 

Befides which Inftances, abundance more 
might be brought in Confirmation of what 
is here laid down ; but thefe are fufHcient 

But becaufe it may be Matter of Surprize, 
that Bodies fhould be fufficiently porous to 
^animit Light in that Plenty we otaerve they 

O z do 
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do, and yet be hard or fblid \ I (hall ton^ 
dude the Subject <^ this Chapter and df the 
Do£hrine of Li^t and Colours, with (hewing 
the Confiftency of fudi a Suppofition. In 
order to whicn^ let us imagme a Body whofe 
conftituent Particles are of foch a Forni 
that, when laid together, the Vacancies bc^ 
tween them may be equ^l in Bignefs to the 
Particles; how this may be 4<Hie, and yet 
the Body be hard^ is eaiy to comprehend. 
Now the folid Parts oH a Body thus formed 
will be but half its Bulk ; and if we fiippofc 
each conftituent Particle of this Body to be 
formed of lefe Particles with Vacuities between 
them, equal to each Particle as before, the 
folid Parts df this Body will then be but a 
fourth Part of its Bulk ; and if each of thefe 
lelfer Particles agaip ^e formed in the feme 
Manner, the folid Parts of die Body {hall be 
but one j^ighth of its Bulk : and mus iif the 
Composition be continued according to the 
fame Rule, the folid Parts of die Body may 
be made to bear as imall a Proportion to 
its whole Magnitude as fhall be defired, not- 
withftanding which, the Body, by means of 
the Contiguity c^ the Parts^ (hall be capable 
of being hard in any Degree, Thus any the 
ieaft Portictfi of Matter may be fuppofed to 
be wrought into a Body of any defigned 
Dimenfions how great foever, and yet the 
Pores of that Body none df them greater than 

the 
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die finalleil Magnitude propofed at Pleafure j 
and yet the Parts of the Body ihall &> touch, 
that the Body itfelf (hall be hard or folid. 
Which flieivs that the whole Globe of Earthy 
nay, all the known Bodl^ of the Univerfe^ 
for any thing that appears to us to the con- 
trary, may be compofed of no greater Quan- 
tity <^ Matter than what might be reduced 
into a Globe of an Inch Diameter, or into a 
Nut'Jheil. 
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DISSERTATION U. 
Of the Caufeo/Refleaion of Light. 

THE Opinions of Philofophers relating to 
the Caufe of diis difficult Fbammemn^ 
are principally four, which I fhall here lay 
down and examine particularly ; after which 
I {hall give my own Thoughts, concerning 
it: An(£ 

I. It was the Opinion of Philofophers be- 
fore Sir Jfaac Newton difcovered the contrary, 
that Light is reflected by impinging upon me 
folid Parts of Bodies ; but that it is not fo, 
is clear for the following Reafons. 

And firft it is not refleifted at the'iirft Sur- 
face of a Body by impinging againft it. 

For it is evident, mat in order to the due 
and regular Refleflion of Light, that is, that 
the refledted Rays fhould not be difpcrfed 
and fcattered one from another, there ought 
to be no Rafures or Uneavinefs in the refleding 
Surface large enough to bear a fenfible Pro- 
portion tp the Magnitude of a Ray of Light: 
becaufe if the Surface abounds wiui fuch, the 
^^-^-i^ed Rays will rather be fcattered like a 
:el of Pebbles thrown upon a rough Pave- 
it, than reflefled with that Regularity 
I which Light is obferved to be from a 
well 
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well polifhed Surface. Now thofe Surfaces^ 
which to our Senfes appear perfedly fmooth 
and well poliflied, are far from being fo ; for 
to polifh is no other than to grind off the 
larger Eminences and Protuberances of the Me- 
tal with the rough and {harp Particles of 
Sand, Enjery or Putty, which muft of Ne- 
ceffity leave behind them an Infinity of Ra- 
fures and Scratches, ..which though inconfide- 
rable with regard to the former Roughneffes, 
and too minute to be difcerned by us, muft 
neverthelefi bear a large Proportion to, if not 
vaftly exceed the Magnitude of the Particles 
of Light. 

Secondly, it is not refleAed at the fecond 
Surface, by iihpinging againft any folid Particles. 

That it is not refleded by impinging upon 
the folid Particles which conftitute this fecond 
Surface, is fufficiently clear from the foregoing 
Argument ; the fecond Surfaces of Bodies being 
as uncapable of a perfect Poliih as the firft > and 
it is farther confirmed from hence, viz. that 
the Quantity of Light refletted differs according 
to the different Dcnfity of the' Medium behind 
the Body : And that it is not refle£ted by im- 
pinging upon the Particles which conftitute 
the Surface of the Medium behind it, is evi- 
dent, becaufe the ftrongeft Refledtion of all 
at the fecond Surface, of a Body, is when 
there is a Vacuum behind it. This there- 
fore wants no farther Proof. (See the Man- 
ner 
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her in which Light is fefleded in Chapter 
the 8th.) 

iL It has been thought by fome k ; diat 
it is reflefted at the firft Surface of a Body; 
by a repulfive Force equally diffiifed over 
i^ and at the fecond, by an attradlive Force; 

I. If there be a rftpulfive Force diffiifed over 
Ac Surface of Bodies, that repels Rays of Light 
at all Times, then, fince by increafing the Obli- 
<juity of a Ray we diminifh its perpendicu-^ 
lar Force (wnich is that only^ whereby it 
muft make its Way through diisr repulfive 
Force) however weakly that Force may be 
iiippofcd to adt, Rays of Light may be made 
to fall with io great a Degree of Obliquity 
on the reflefting Surface, that there fhali be 
a total Refloftion of them there \ and not one^ 
Particle of Light be able to make its Way 
through, which is contraiy to Obfervation ?. 
the RefleSion of Light at ttie firft Surface or 
a transparent Body being ' never total in any 




k See Mu/chifibroek^ Element. Phyfic. Gap. 35. 
IDtm. Let AB {Fig. 71.) repidcot the reffeaing Surfecc,' 
ABCD the ttpcllent Power diffufed over it, EF a Ray of 
Light incident upon it at the Point F, and let the Line EF 
by its Length exprefs the Force with which the Ray moves. 
This Force is rcfolvablc into the Forces EG and EH, or, 
which is the feme thmg HF and GF, whith latter is the' 
fole Force by which the Ray endeavours to pierce through the 
repulfive Power. But this Force may be diminiihed in in- 
Jimtkm by augmenting the Obliquity of the Ray EF, arid 
therefore it may be made lefs than that of the repelling Power, 
in which Cafe the Ray witt Qecefl&rily be refltacd : and fince 

th« 
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Obliqaity ^vhatevcr. The Hypoibefis there- 
fore in this Ptitioilar inuft he felfe ». 

z. As to the Reflexion ^ the fccond Sur- 
face by the attrjaaive F^orce of the Body; 
this mav he confidered in two Refpe(£te ; firft^ 
when .the Reflexion is total 5 fecondly, wh«n 
it is partiaU 

And firftj in Cafes where the Refledicm 
is totals the Caufe of it is undoubtedly that 
6ine attradivc Force by which Light would 
be rcfraSed in pafling out of the fame Bddy. 
Ihis is raanifeft from that Analogy whidi is 
obfervable between the Reflexion of Light at 
this fecond Sur&ce, and its Refradlion tbere* 
For othcrwifcj wliat t2an be the Reafon ^aC 
the total Refledion fliould begin juft when 
the Obliquity di die incident Ray, at its Ar- 

tbt iaine is demonficiUe of aioy Ray, {let ft move with a greater 
or kfs Force than the Ray £F) the Obh'<]uity 0/ the Rays m%y 
be fo greats th«t there (hall be a total Reflexion of them. 
Q^E. D. • 

m And yet from in Experiment madie by Sir tfaac Jiiwton, 
(^ his Optics Book Jll.) ic ajE^an that there is a repu^Tiva 
Force between I^igl^ and fome fio4«(^s. ^The Experiment ;is a^ 
follows. If over an Hole in a Window-ihutter be Ifixed a thift 
Piece of Lead or the like, in which there is an Hole about 
the fenieth Part ^ an loch in Diameter ; and if vifhsti the 
$im ihines tJ^oiigh that JEide^ aii Hair be jield in its Ray.^t 
fome Diflance from the Hole; the Progrefs of the Rays zStxx 
they hare paflbd by the Hair will bo as exprefied in the 
y^d Figme, where A is a Seaion of an Hai^, BC an ifM^ 
in a Wmdow-fbotter; BL, UP, DE, ^c. Rays pafling thrqafl^ 
it, in the Middle of which is placed the Hair A ; and let 
RP be« Paper held at ^me Djllance behind the Hair. TJiings 
being thus difpofed, the Ray BL ihall fall npon Q^ U F ^pop 
Qj JDE upon R> GH upon P, &<. as repreiemed in the Figure. 

^ P rivikl 
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rival at the fecond Surface, is fuch, that the 
refraded Angle ought to be a right one; or 
when the Ray, were it not to return in Re- 
fledion, ought to pafs on parallel to the Snr-^ 
face, without going from it ? For in this^ 
Cafe it is evident, that it ought to be returned' 
by this very Power, and in fuch Manner that 
the Angle of Refleflion (hall be equal to die 
Angle of Incidence : juft as a Stcme thrown 
obliquely from the Earth, after it is^ {& far 
turned out of its Courfe by the Attra^ofv 
of the Earth, as to begin to move horizon* 
tally, or parallel to the Surface of the Earth, 
is then by the fame Power made to return in; 
a Curve fimilar to that which it defcribed 
in its Departure from the Earth, and fa 
falls with the fame Degree of Obliqui- 
ty that it was thrown with. 

But fec^ndly^ as to the Refiedion at the 
fecond Surface, when it is partial^ an at- 
tractive Force uniformly fpread over it, as 
.the Maintainers of this Hypothejis conceive 
it to be, can never be the Caufe thereof. 
Becaufe, it is inconceivable that the fame 
Force, a<^g in the feme Circumftances in 
every Relpeft can fometimes refledl the Viola 
coloured Rays and tranfmit the Red^ and at 
other times refleft the Red and $ranimit the 
Violet. 

This Argument concludes equally againft 
a repulfive Force unformly difrafed over thq 

' fir{l 
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-firft Surface of a Body, and reflefling Light 
Acre ; becaufe •► fome Bodies refleft the Violet 
and tranfmit the Redy odiers refleft the Red 
and tranfmit the Violet at their firft Surface j 
which cannot poffibly be upon this Suppo-< 
fition, the Rays of whichever of thefe Co- 
lours we fuppofe to be the ftrongeft. 

IIL Some, being apprehenfive of the Infuf- 
ficiency of a repulnve and attradtive Force 
diffufed over the Surfaces of Bodies and aQing 
uniformly, have fuppofed, that by the Aflioa 
rf Light upon the Surfaces of Bodies the 
Matter of tncfe Forces is put into an undu-- 
latory Motion, and that where the Surface of 
it is fubfiding. Light is tranfmitted, and in 
Aofe JPlaccs where it is rifing, Light is re* 
fleded °. But tlus feems not to advance 
us one Jot farther; for in thofe Cafes, fup- 
pofe where Red is reflected and Violet tranf- 
mitted, how comes it to pais diat die Red 
impmgcs only on Aofe Parts when the 
Waves are riung, and the Violet when they 
are fubfiding ? 

IV. The next Hypothefis^ that I (hall take 
notice of, is that remarkable one of Sir Ifaac 
NewtorC^ Fits of eafy ReJleStion and Tranf" 
mijjiony which I ftiall now explain and ex- 
amine. 

That Author, as far as I can apprehend his 
Meaning in this Particular, is of Opinion, that 

P S^ Mufchenbrock Element. Phyiic. Cap. 35. 

? z Light 
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Light, in its Paffage from the luminous Body^ 
is fuppofed to be alternately Fefle6tcd by an4 
tranfinitted through any refrading Surface it 
may meet with ; that thefc Difpofitions (which 
he calls Fit^ of eafy Reflexion and eafy 
^ranfmijion) return fuccdfively at equal Inter- 
vals : and that they are communicated to. it 
at its firft Envffion out of the luminous Body 
it proceeds from, probably by fbme very 
itibtle and elaftic Subllance diffufed through 
die Univerfc, and that in the following 
Manner, As Bodies falling upon Water, 
pr pafiing through the Air caufe Undulation* 
in. each, fb the Rays of Light • may excite 
Vibrations in this claftic ^ibftance. The 
Quicknefs .of whidi Vibrations depending on 
the ElaAidty of the il/i?^//a/;» :(as the Qinckr-, 
nefs of the Vibrations in the Air, which pro- 
pagate Sound, depend folely on the Elafticity 
of the Air, and not upon the C]^iickhe6 of 
thofe in the founding Body) the Motion of 
the Particles of it may be quicker than that 
of the Rays, and tterdfore when a Ray, at the 
Inftant it impinges uport any Surface, is in 
that Part of the Vibration of this elaftic Sub- 
iiance which Confpires with its Motion, it may 
be eafily tranfmitted, and when it is^in that 
Part of its Vibration which is contrary to its 
Motion, it may be reflefted. Me farther fup- 
pofes, that when Light falls upon the firfl: 
Surface of a Body, ndiie is refledled there^ 

but 
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but all diat happms to it there i% that every 
Ray that, is not in a Fit of eafy Tranihiiiiiont 
is there put into one, ib that when they c6fiie 
at the other Side ffor this elaftic Subftancer 
eafily pervading tnp Pores of Bodies^ i; 
capable of the fame VibraticHis within the 
Body as without it) the Rays of one Colour 
iball be in a Fit of eafy Tranfiniflion, and 
thofe of another in a Fit of ea^ Refiedion» 
according to dbe Thicknefs of tne Body, ^ 
Intervals of the Fits being different in Rays 
of a different Kind. This very well accounts 
for the difibrent Coloors xA th^ Bubble and 
thin Plate of Air and Water (mentioned in 
Chap. XII.} as is obvious enough % and like- 
wile for the RdleiE3:k>n ci" Lig^t it die fecond 
Surface of a thicker Bbdyi iot the Light re- 
fiedted fVom thepc^, is ^fo obferved to be 
coloured, and to fcfrcn Rin^ accpiding to the 
different Thickne^ of the Body^ when not 
internii^'4 ^^ confounded with other Lighl; 
as will appear &om the following Eperimentr 
ff a Piece df Glafs be ground concave on 
one Side^ and ccsnveic On the other, both itaf 
Concavity and Convexity having one com- 
mon Center, and if a Ray of Light be made 
to pais through a fmall Hole in a Piece of 
Paper held in that common Center, and be 
permitted to fall on the Gkt& } befides thofe 
Rays which are regularly refleSed back tq 
die Hole ^aifi, there will be others refleded 

t9 
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to Ac Paper, and form coloured Rings fur- 
rounding the Hole, not unlike thofc occa- 
fioned by the Reflexion of Light from thin 
Plates. The fepM will happen if the Rays be 
reflefted from a metalline Speculum^ but the 
Light will not be coloured ; which (hews that 
the Colours arife from that Light which is re- 
fledled from die Back-fide, and that in the 
following Manner : Befidc that O^t which is 
fcgularly reflefted from liie farther Surface of 
the Glafe, there is fome reflefted irregularly, 
which pafling from the back Surfece iinder 
different Obliquities, does as it were pafe 
Arou^ Glaflfes of difierent Thickneffes, and 
therefore is in part reflefted back again when 
it comes to the firft Surface, and is in part 
tranfmitted through i^ the tranfmitted Light, 
when received upon the white Paper erfiibiting 
Ae Rings of Colours abovementioned «. 

As to the Li^t which is fuppofed to 
be reflefted at the iirft Surface, his 
Opinion feems to be, that it is not thtre 
refledted, as I obferved above, but that it 
really enters the Surfkce, and is reflefted 
from the Back-ii(Je of Ae firft Series of Par- 
ticles that lie therein \ fo that accordifig as 
diefe Particles are larger or fmaller, the Rays 
of Light which at their Entrance into them 

p This Experiment fua9eeds better^ wbcn the Back-part of the 
^dfs is Qujck'iilverM oyer. 

(fop 



I 

Differt. n. Refle<aion of Ligfit 167 

(for they are tranfparent, whether the Body 
they compole be ^ or riot. See Page 154) 
are thereby put into Fits of eaiy.Tranfmiflion j 
at their fimerfion at the othef Side arc fomc 
in a Fit of eafy Tranfmiffion, others in a Fit 
of eafy Refltdtion, according as the Interval of 
their Fits are large or fmall So that thd 
Particles of a Body may be of fuch a Size 
^t they (hall rened: the Red and tranfmit 
the Fiolet ; or that they may rcfleft the Fiolet 
and tranfmit the Red-, or, in general, that 
the ilrongeft and moil: forcible Rays may be 
tranfmitted, while the weaker are refiefted ; 
or the weakef may be tranixnittedy while the 
ftronger arc reftedled. 

Thus I have cndcavoUrM to clear up the 
Account Sir Isaac Newtojj has left us dT 
his own Sentiments concerning this Matter^ 
But after all, I cannot fay, that I think hi$ 
Solution ^ true one. It is too much clog-^ 
ged with Suppoiitions ; neither is it conibnant 
to that Simplicity, Uniformity, and Regularity^ 
with which Natflre \b every where obfervoi 
to adl. The Tinje wiU Come, when that 
£mple Principle of AffraSlion which folve^ 
. every thing elfe, where the neceffary Data 
are not wanting^ will be found alone lufficient 
to account for this perplexing Pbanomenon^ 
Would any one that has a Genius for % 
Work of this Kind, and Opportunity to mak« 

dift 
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the necdlary Experiments, aflume tho& Sir 
yaac Newton has Icf^ and add otherss as 
his Judgment fhould dire(3 him ; he would 
foon be able to give us as eafy and fimple 
a Solution of die RefieBion of Light, as we 
already have of any other Pbanoaumn what- 
ever P. 

t Perbaps it mzy be of Service to one that Ihall undertalce 
tius, to icquaint liin of a Fafl reladng to this MatUr, which 
every Pliil<nb(iber i« not appriled of, iiix. Thtts PieceoflroiT'j 
when Iwated, afiiimcs all the Coloan of the Riui^ow before it 
becomes led-hot. 
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iDISSERTATION HI. 
Of Microicopes iw*^/ Telefcopes* 

THAI* the Telef<;:cpe is of modem In-»* 
vention is moft certain ; neither does it 
appear that Microfcdpes or Optic GlaflcS 
of any Kind were known to the Ancientsj^ 
fiiough there are two Paflages brou^t to fhew 
Aat fuch Gla0e^ were 01 Ufe among thenj* 
The one is quoted:by Fancirollus fix)m Plau^ 
iuSj Cedo Vitruniy neajfe eft Conlmcillo uti ; 
Ae odier is taken from Pliny j C. j alius Me^ 
dicus, dum inungil Specillum, &c. The for-* 
iner of thefe Quotations is a FidHon, no iudi 
Paflage being to be found in the Writings 
itf Ptautus ^ } and the Word Specillum jn 
l^liny is not to be underftood of an Op-» 
fio-glafe of any Kind, but of a Probe or othef 
kftniment made ufe of by the Surgeons o£ 
&at Time '. 

It is contended, that Alexander de Spina ^ 
a Native of Pifa^ was the firft that made 
die Ufe of Gflafles known to the World j 
bat our Countryman, Frier Bacon^ who died 
ene and twenty Years before him ^, was, in 



q Vid. Letters MemorabiU dol AU)ate Michde Giuftiani. 

r See MoHntux\ Dioptrics, Part II. Ch. 6. 
f (n the Year 129a. 

0^ <ai 
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all Probability, acquainted with dicm firf^ 
for he wrote a Book of PerJpeSiive^ in which, 
he plainly fhews that he did not only un- 
dcrltand the Nature of convex and concave 
Glaffes, but the Ufe of them when combined 
in Telefcopes ^ ; though he no where in that 
Treatife difcovers the Manner in which they 
are to be put together. 

The Telefcope with the concave Eye-glafi 
was firft invented by a Mechanic of Mid^ 
* dleburg in Zeland^ called Z. "Johannides^ about 
the Year 1590, though "J. Lipperhoy^ another 
Dutchman^ is Candidate for the fame Difco- 
very ". From whence, this Sort of Telefcope 
is called "Tubus Batavus \ 

Francijcus Fontana^ a Neapolitan^ con- 
tends, that he was the firft Contriver of the 
Telefcope compofed of two convex Glafles^ 
which is now me common aftronomical Te- 
lefcope y J and Rbeita pretends to be the firft 
that rendered that Telefcope fit for terreftrial 
Ufes, by adding two Eye-glafles to it \ This 
Kind of Telefcope is. ^led dioptrical. 

t See his PerfpeBive^ Part III. and his Efijiola adPartfienfim, 
Cap. 5. 

tt Vid. Boreliui de vero Tclcfcqpii Inveotore. 

X This is by fomc called Galileo's Telefcope, as invented by 
him ; but Galileo acknowledges, that it was upon hearing tha( 
the Dutchman had contrived one, that heeffedted his. 

y See his Oh/er*vationes ccelefiium timftriumqi Rerwk. 

% Ocul. Enoch « £//>• l4b, IV. Hitt. Acad. Reg, Lib. Vw 
Sea. I. Cap. 7. ^ 

The 
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The Catadioptrical or refleding Telefcopc 
was invented by Sir Ifaac Newton j of which 
we (hall give a particular Defcription when 
we have explained the former Sort, and fhewn 
die Defedis of them. 

Microfcopes are of two Kinds, Simple and 
G)mpound. The firft Sort confifts of one 
Glals ; the other of two or. more. 

The Simple Microfcope is no other than 
a convex Lens^ through which, as we have 
(hewn (Giap. viii.) ObjedJs appear magni- 
fied. 

An Objeft feen through this Microfcope ^ 
appears magnified nearly in that Proportion 
wnich the Diftance, at which an Objed would 
be feen diftindly with the naked Eye, bears 
to the focal Diftance of the Microfcope. 

Thus, let AB (Fig. 73.) reprefent the Mi- 
crofcope, CD an O^ed placed at the focal 
Diftance of parallel Rays, or fomething nearer, 
that the Rays of the fame Pencil may be 
parallel to each other, or rather diverging in a 
finall Degree, when diey enter the Eye (this 
Circumftance being requifite to diftindt Vi- 
fion) : And let th? Microfcope be fo ftaall^ 
that all the Rays ^hich pafs through it frodi 
die pbje<a may enter the Pupil of the Eye 
EF at die fame time, when placed clofe to it 

Qj5 ^ as 
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as in the Figure (for, unleis it be fo finall, it will 
fcarcc magnify fufficiently to obtain the Name 
of a Microfcope.) Things being thus difpofed, 
the Angle under which this Objedt appears 
will be GIH, or CID ; but this is nearly die 
fame it would have appeared under^ had 
there been no Microfcope interpofed ^. Not- 
withftanding which, the Objedt is properly 
enough faid to appear, magnified by this Mi- 
crofcope, becaufe, without that, it could not 
have been feen diftinftly at fo fmall a Dit? 
tance from the Eye, but muft have been 
fituated eight or ten Inches from it; and 
therefore, fince Objefts appear under a larger 
Angle the nearer they are to the naked Eye^ 
this Objeft appears larger, or is magnified by 
means of the Microfcope, in Proportion as it 
is feen diftindtly at a lefe Diftance widi it 
than without it 5 that is, nearly as the fixal 
piftance of the Microfcope is to that at 
-\?^idi Objefts are feen diftinftly with the 
flaked Eye \ 

r 

a For had there been no Microfcq)C interpofed, the Angle 
CiD would have been in the Middle of the Pupil (fee tlie Note 
'in Page 6i.) atid therefore fomething lefs, as being farther 
ftom the ObjeA ; butti^ts is^n accidmtalGaoxcs^xi'X. depend- 
ing on the Thicknefs of the Lens^ and its Diftance from the 
Center of the Pupil, and therefore not confidcrcd in the Theory. 
^ h An Objed will alfo appear diflin6i though it be fituated 
yx a veiy fmall Diftance from the Ey^, by being viewed thro^ 
'a fmall Hole in a Piece of Paper, the Rcafon of which was ex- 
pl.ained in Note Page 64. But then this Hole muft be made ib 
, vei^y fmall, that, unleis the Objed be ftrongly illaminated» it 
lyill appear -^txy obfcttrely throcgh it. 

• • The 
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The Form of a Compoxmd Microfcopc is 
exprefTed in the 74di Figure, wiiere AB re* 
{Mrefents a finall convex Lens^ whole focal 
Plftance is fuch^ the^t Rays flowing from the 
Point C may be collected in D 5 and EF-is 
a krger Lens whofe Focus of parallel Rays 
comcides with the Point D 5 and FG repre- 
icDts an Eye fo fituated that Rays proceeding 
from an Objed at KL may enter the Pupil 
of it, Q&GT having paffed through both Glaflfes. 
Things being dil|)ofed in this Manner,, the Ob-? 
jea KL will appear magnified and alfo dij^ 
tinSt. 

. For firft, let RCS reprefent a Pencil of 
Rays flowing from the Point C, thefe will 
meet their Axis again in the Point D bf 
Suppofition, and crofling there will enter Ac 
Lens EF diverging from its Focus c£ parallel 
Rays, and will therefore enter Ae Pupil of 
the Eye in Direftions parallel to each 
other, and concur upon the Retina at Q^ 
die Objedt will therefore appear diftinB. 

Secondly, A Pencil of Rays flowing from 
another Point of the Objedt, as L, will meet 
dicir Axis in M, and diverging from thence 
will, after being refraded by the Lens EF, 
become parallel with Reljped to each otfier \ 
but with Refpedk to the former they will 
converge, becaufe, with Regard to them, they 
diverged before they pafled through the Lens 
EF ffom I, a Point more diflant dian its 
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Focui of parallel Rays. They will confe* 

Jpently crofs them at ibme Diftance from it, 
uppote at H, where the Pupil of an Eye 
being placed to receive them, me Point L will 
be reprefented at G. And for the like Reafbn, 
the Point K being reprefented at P, the Objeft 
will be feen under the Angle PHO or EHF, 
which, as will be demonftrated in Note {e\ 
is much larger than that under which it 
would have appeared to the naked Eye ^. 

That Glafs AB, which is fituated next die 
Objed, is called die ObjeB-glafs ; that whidi 
is placed next the Eye, the Eye-glafs ^. 

The Proportion of magnifying, in a Micro- 
fcope oi this Kind, is nearly in a Ratio 
compounded of die Proportion which the 
Diftance of the Image from the Objed- 
glafs bears to its Diftance from the Eye-glafe ; 
and of that which the Diftance of the Ob- 

K It may be remarked here, tliat when we view an Objeft 
throogh an Jnfirament of this Kind, we are then in reality 
looking at the Image of that Object through a fingle Micro- 
fcopc. Thus, it is MN the Image of the Objea KL, formed 
by the Concurrence of the Rays of each Pencil in their refpediwc 
Foch which we fee through the Z^^»; or fingia Microfcopc EF-j 
fo that the Addition of the Glafs AB is only that we may hare 
an Image of the Objeft to look at, larger than the Objeft itfelf. 

d In foroe Microfcopes there is a third Glafs placed betweeO' 
the Objedi-glafs and the Image, and is called a MidMe-glafs. 
This is placed there only to bring the Rays, to a Focus the fooner, 
in order that the Image may fall nearer the Objcdt-glafs than it 
Oiherwife would da 
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jed from the Eye bears to its Diftance from 
the Objedt-glajfe «. 

After what has been faid concerning the 
Stmfture of the Compound Microfcope, and 

c Dem, To avoid the Confufion which might ariie from the 
Moltiplicitx of Lines in the 74th Figure, let only CXH and LEH, 
v/«. the Jbees of the Rajs which proceed from the Points C and 
L, be reprefentedas in Fig. 79, and draw the Line LH» then will 
CHL be the Angfeonder which half theObjed would be fees by 
die naked Eye at H; but £HX is the Angle under which the 
iame Half appears when viewed through the Microicope. Now 
this Angle is to the former in a Ratio compounded of the An^Ie 
EfiX to £1X, and of the fame £IX, or (which is equal to it 
beouie vertical) CILtoCHL; iecau/e the K^XLothat any Mt)» 
^antittii lear to each otbir^ it compounded of the Ratio n»hich 
the firft hears to awf other ^ and of the Ratio <which that other 
heart to the fecond, fiat the firft of thefe Ratio's, ^itc EHX ta 
EIX, is as IX to XH» or which is the fame Thing, as IQ' ta 
DX, (for ID : IX : : IX : IH ; fee Hi^eus Opera Pofthuma. 
Prop. 20: andtheielbte ID : IX*-ID : : IX : IH~.XX. that 
is, ID : DX : : IX : XH.) and therefore the firft of the Ratidg, 
is as the Diftance of the Image from the Cbje6l-glafs to its DiP 
tance from the Eye-glafs : and the other Ratio^ vik, CIL to' 
CHLy isas' CH toCf, that is, as the Didance of the ObjeA 
firom the Eye to its Diftance from the Objed-glafs. Therefore* 
(^c. QED. 

But it is proper to compare the Angle EHX with that un- 
der which tite Objed would appear to the naked Eye at a Dif- 
tance proper for* diftind Vifipif ; becaufe, when a Peribnviewi 
an Objed by the Help of a Microfcope, he is ofcen obliged to 
place his Eye at a Diftance from the Obje6t, very different 
from that at which he would choofe to place it, were he to look 
at it with the naked Eye ; and then, inftead of the Diftance of 
the Obje£t from the Eye in the foregoing Propofition, we muft 
fubftituta the Diilance of diftindt Vifion ; in which Cafe it will 
ftand thus: The Proportion of magnifying is nearly in a Ra- 
ftp compounded of the Proportion which the Diftance pf the 
Image from the Obje^t-glafs bears to its Diftance from the 
£ye>glafs, and of that which the Diftance of diftind Vifloii 
bears 10 the I^ftance of the Objc4 from the Objc^-glafs. 

the 
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ihe Manner in which the Rays pafs throiigk 
it to the Eye, the Nature of the cpmiiK>n 
ajironomical Telefcope will eafily be under- 
ftood 5 for it differs from the Micrdcopc only 
in that the Objed is placed at fo great a Dif* 
tance from it, that the Rays of the lame 
Pencil, flowing from ence, may be confidered 
as falling parallel to one another upon the 
Obje6t-gla{s ; and therefore, the Image made 
by that Glafs is looked upon as coincident 
with its Focus of parallel Rays. 

The 76th Figure will render thi^ very plain, 
in which ABC is the Objeft emitting the 
feveral Pencils of Rays' ADF, BDF, ^c. but 
luppofed to be at fo groit a Diftance from 
the Objedt^glafs DF that the Rays of the 
feme Pencil may be confidered as parallel to 
each other, they are therefore liippofed to be 
colleded into their refpedtive Fm at the 
Points G, H, I, fituated at the focal Diftance 
of the Objed-gkfs DF. Here they form an 
Image, and croffing each other proceed di- 
verging to the Eye-glafs . KM 5 which being 
placed at its own focal Diftance from the 
Points G, H, I, the Rays of each Pencil, after 
paffing through that. Glafs, will become paral- 
lel among dxemfelves, but the Pencils themfelves 
will converge confiderably with Refpedt to 
one another, even fo as to crofe at P, very 
littlp farther from the Glafs |CM than its F^- 
cus *^ becaufe, when tbey entered the Glais, 

their 
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their jixes were almoft parallel, as coming 
through the Objoft-glais at the Point E, to 
whofe Diflance the fireadth of the Eye-glafe 
KM in a long Telefcope bears very fmall 
Proportion. So that the Place of the Eye 
will be nearly at the focal Diflance of the 
Eye-glaJ&, and the Rays of ?ach . reipeftive 
Pencil being parallel among themfelves, and 
their Axes crbfSng each other in* a larger 
Angle than they would do if the Object 
were to be feen by the naked Eye,' as we 
fhall demonftrate in the Notes^ Vifion will 
be diJiinSij and the Obgeft will appear mag* 
nified. . . 

The ^Qwer pf magnifying in this Telefcope 
ii as the focal Length of dbe Objea-glafs to 
the focal Length of the ]^e-glafs ^. 

It is evident from the Figure, that the vU 
fible Ared^ or Space which can be feen at one 
View when we look through this Telefcope^ 

^ DeM. In order to prove this, we may confider the Angle 
AEC 2s that under which the Obje6l would be feen by the • 
naked Eye ; for in confidering the i^iftance of the Object, ther 
length of the l^elefcope £P may be omitted, as beariag no 
Proportion to it. Now the Angle, under Which the Objcdl is 
I ieen by means of the Telefcope, is KPM; which is to the other 

I AEC, or/its Equal KEM, as the I>i(lance LE to LP, or as HE 

to HL (for as was obferved ijii the Article of the Power of niag- 
mfying tA the Microfcope, £H . EL: : EL : EP, and therefore 
EH : EL— EH : : EL : EP^EL, that is EH r HL : : EL ; 
LP) The Angle therefore, under which an Object appears to 
all Eye aflid^d by a Telefcope of thb Kind, is to that under 
which it would be feen without \t^ as the focal Length of the 
C^jedVglafs to the focal-Length, of the Eye-giafs. 

R depend* 
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depends on die Brcaddi of the Eye-glafi, and 
not di the Objeft-glafe j for if tne Eye-glafs 
be too fmall to receive die Rays Gm^ IK,, 
the Extremities of the Objedl could not have 
been feen at all : a krger Breadth of the Ob- 
jeft-glafs conduces only to the rendering each 
Point of the Image more luminous by re- 
ceiving a larger Pencil of Rays from each 
Point of the Objeft. 

It is in this Telefcope a? was remarked of 
the compound Microfcppe in theNotes^ 
Page (i74\ that what we fee, when we look 
dirough it, is not the Objeft itfclf, but only 
an Image of it at GI : Now that Image 
being inverted with re^)e6l to the Objed", 
by rcafon that the Axes of the Pepcils that 
flow from the Objed crofs. each other ,at 
E, Objeds feen throng a Telefcope of thia 
Kind neceflarily appear inverted. 

This is a Circumftance not at all re- 
garded by Aftronomers, but for viewing Ob- 
jefls upon the Earth, . it • is convenient thftt 
the Telefcope ihould rcprefent them in their 
natural Pofture ; to which Ufe the Telefcope 
with three Eye-glaffes, as reprefented Fig. 77. 
is peculiarly adapted, and me Progrefs of the 
Rays through it from the Objeft to the Eye 
is as follows: 

AB is the Obje6l fending out the fevcral 
Pencils ACD, BCD, G?r. which, pafling thro' 
the ObjeiSt-glafi CD, are coUe^ed into their 

re^edkivc 
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refjpcfiive Fociva EF, where they form an 
inverted Image, from hence they proceed to 
Ih^ firft Eye-glafs HI, whofc Focus being at 
G, die Rays of each Pencil are rendered pa- 
rallel among themfelves, and their Axes^ which 
were nearly parallel before, are made to con- 
verge and crofs each other at K : the fecond 
Eye-glafe LM, being fo placed that its Focus 
(hall i^U upon K, renders the Axes di the 
Pencils which . diverge from thence parallel, 
and caufes the Rays of each which were 
parallel among themfelves to meet a:gain at 
its Focus NO on the other Side, where they 
forna a fecond Image inverted with rcfpedl to 
the former, but direct with relpeft to die 
Object, Now this Image, being feen by the 
Eye at XY throu^ the Eye-glafs Q£, anbnfc 
a direct Reprefentation cf the Ob}e<a, and 
under the fame Angle that the firfl Image 
EF would have appeared, had . the Eye been 
placed at K, fuppding tbs Eye-glaiTes to be of 
equal Convexity ; and therefore the Objed: 
is feen equally magnified in this» as in the 
former Telefcope, that is; as the focal Dil^ 
tance of the Objefl:-glafs to that of any one 
of the Eye-glafles, and appears direSl. 

If a Telefcope exceeds 20 Feet, it is of no 
Ufe in viewing Objeds upon the Surface of 
the £al& \ for if it magnifies above 90 or 100 
times, as thofe of that Length ufually do, 
iJ}^ Vapours, which continually float near the 

R S Earth 
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Earth in great Plenty, will be fo magnifie4 
as to render Vifion obfcure. 

The Telefcope with the concave Eye-gla& 
is conftrudted as follows : 

AB (Fig. 78.) is an Objefl: fending forth 
the Pencils or Rays ADE, CDE, G?r. which, 
after pafling through the Objedt-glafs, DE, 
tend towards FG (where we will fuppofe the 
Vocus of it to be) in order to form an in- 
verted Image there as before; but in their 
Way to it are made to pafs through the 
concave Glafs HI, fo placed, that its Focus 
may fall upon S, and confequently the Rays 
of the feveral Pencils which were converging 
towards thofe refpeftive focal Points F, S, G, 
will be rendered parallel among thcmfelves ; 
but the Axes of thofe Pencils crofling each 
other at K, and diverging from thence, 
will be rendered more diverging, fuppofe in 
the Dired:ions LM, NO. Now diefe Rays, 
entering the Pupil of an Eye, will form a 
large and dift4n<ft Image PQjupon the Ue- 
tina which will be inverted with re^ed: to 
the Objedt, becaufe the Axe$ of the Pencils 
crofs in K ; and the Angle the Object will 
appear under will be fuch as the Lines ML, 
ON, form when produced b^ck through the 
Eye-gkfs. 

'Tis evident, that the lefe the Pupil of the 
JEye is, the lefs is the vifible Area feen 
ihrough a Telefcope of this Kind 5 for a le6 

PupU 
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Pupil would exclude fuch Pencils as proceed 
from the Extremities of the Objed AB, as 
is evident from the Figure. This is an In-r 
convenience that renders this Tclcfcope un-r 
fit for many Ufes, and is only to be reme^ 
dy'd by the Telcfcope with the convex 
Eye-glaffes, where the Rays which form the 
extreme Parts of the Jmage are brought to- 
gether in order to enter the Pupil of the 
Eye, as explained above. 

It is apparent alfo, that the nearer the 
Eye is placed to the Eye-glafe of this Telc- 
fcope, the larger is the Area feen through it ; 
for, being placed clofe to the Glafs, as in 
the Figure, it admits Rays that- come fronx 
A and B, the Extremities of the Obje(lt, 
which it could not if it was placed farther 
ofF. 

The Degree of magnifying in this Tele- 
£x>pe is in the fame Proportion widi that in 
the other, viz. as the focal Diftance of the 
Obje£t*-glai3 is to the focal Diftange of the 
Eye-glafe. 

For there is no other Difference but this, 
vix. that as die extreme Pencils in that Te- 
iefcope were made to converge and form the 
Angle KPM, thefe are now made to diverge 
and form the Angle MXO, vvhich Angles, if 
the concave Glal§ in one has an equal 
refradlive Power with the convex one in the 
other, will be equal, and thei:efore each Kind 

will 
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will exhibit the Object magnified in the fame 
pegrec 

There is a Defe6t in all thefc Kinds of 
Telefcopcs> not to be remedied by any Means 
whatever, which was thought only to a- 
rife from hence, viz. that Jpberical Glaiies 
do not coUeft Rlys to one and the fame 
Point, as was obferved (Chapter iii. in 
the Notes) but it was happily difcovered by 
Sir Ifaac Newton^ that the Imperfedion of 
this^ Sort of Telefcope, fo far as it arifes 
from the fpherical Form of the Glafles, bears 
almoft no Proportion to that which is owing 
to the different Refrangibility of Light. This 
Diverfity in the Refraction of Rays is about 
a twenty-eighth Part of the Whole, fb that 
the Objed-gTafs of a Telefcope cannot coUedfc 
the Rays which flow from any one Point in the 
Object into a lefs Room than a circular Space 
whofe Diameter is the fifty-fixth Part of the 
Breadth of the Glafs g. Therefore, fince each 

Point 



% To xllaftrate this, let AB, Fig. 79. reprefent a convex Lenf, 
and let CDF be a Pencil of Rays flowing from the Point D, and 
let H be the Point at which the leaft refrangible Rays are col- 
Ie£ted to a Focus, and I, that where the mod refrangible concur 1; 
then, if f H be the twenty-eighth Part of EH, IK will be a pro- 
portionable Part of £C (the Triangle HIK and HEC being ix- 
milar) : Confequently LK will be the twenty-eighth Part of FC. 
^at MN will be the lead Space into which the Rays will becol- 
ledlcd, as appears by their Progrefs reprcfented in the Figure, 
kow MN is but about half of &L| and therefore it is but about 
^ the 
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Point of the Objeft will be reprefentcd in 
fo large a Space, and the Centers of thofc 
Spaces will be contiguous, becaufe the Points 
in the Objedt the Rays flow from are fo, 
it is evident that the Image of an Objeft made 
by fuch a Glafs muft be a moft confufed 
Reprefentation, diough it does not appear fo 
when viewed through aa Eyc-glafs that mag- 
nifies in a moderate Degree ; confequently the 
Degree of magnifying in the Eye-glafe mull! 
not be too great with reipcft to mat of the 
ObjeS-glafi^ left Ae Contufiqn become fen- 
fible. 

Notwithftanding this Imperfeftion, a di- 
optrical Telefcope may be made to magnify 
in any given Degree, provided it be of fut- 
ficient Length J . for the greater the focal 
Diftance of the Objedt-glafs is, the lels may 
be the Proportion which the focal Diftance 
of the Eye-glafs may bear to that of the 
€M)je6l-glaf8, without rendering the Image ob-^ 
fcure. Tlius, an Objeft glafs, whofe focal 
Diftanoe is about four Feet, will admit of 
an Eye-glaft whofe focal Diftance {hall be 
little more than one Inch, and confequently 
will magnify almoft forty-eight times : but 
an ObjeCt-glafs of forty Foot Focus will ad- 
mit of an Eye-glafs of only four Inch Focus^ 

the fifty-fixth. Part of CF, fo that the Diameter of the Space, 
imo wliich the Rays are colkded, will be about the fifty- 
fij^h Part of the Breadth of the Glafs, Which was to he 
ibeivn. 

and 



484 Of Microfcopcs 

and will therefore magnify 120 times; ana 
an Objed-glafs of an hundred Foot Focus 
will admit ©f an Eye-glafs of little more 
than fix Inch Focui^ and will therefore mag- 
nify almoft 200 times ^. 

But Telefcopes of fuch prodigious . Lengdi 
teing very incommodious and unfit for Prac- 
tice, the catadioptrical or rcfle<Sling Telefcope 

^ The Rcafon of this Difproportion in their ieveral Degrees 
of magnif) ing is to be explained in the following Manner ; 
Since the Diameters of the Spaces; into which Rays flowing from' 
the feveral Points of an Obje£l are colIe£tied, are as the Breadth 
of the Objeft-glafs, it is evident that the Degre<e of Confuled- 
nefs in the Image is as the Breadth of that Glafs (for the 
Degree of Confufednefs will ofily be as thik Diameters or 
Breadths df thofe Spaces, and not ai the Spaces themfelves.) 
Mow the focal Length of the Eye-glafs, that is, its Power pf 
magnifying, mull be as that Decree ; for, if- it exceeds it, .it 
will render the Confufednefs fenhble ; and therefore it miifl be 
as the Breadth or Diameter of the Objeft-glafs. The Dia- 
»eter of the.Obje6t-g1afs, which is as the Square Robt of it^ 
Aperture or Magnitude, mud be as the fquare Root of the* 
Power of magnifying in the Telefcope, for unlefs the Aperture 
itieif be as\he Power of magnifying, the Image will wan^ 
Light ; the fquare Root of the Power of magnifying will be, 
ais the fquare Root of the focal Diftanceof the Objedl- glafs; and 
therefore the focal Diflance of the Eye-glafs muil be only as the^ 
fquare Root of that of the Objed-glafs. So that iir malting 
Ufc of an Objeft-glais of a longpr F9cusi fuppofe than one that. 
is given, you are not obliged to apply an Eye-glafs of a 
proportionably longer Focus than what would fuit the givei^ 
Obje^-glafs, but luch an one only whofe focal Diftanoe (hall 
be to the focal Diflance of that which will fuit the given Ob- 
je£l>glafs, as the fquare Root of the focal Length of the Ob- 
je&-glafs, you make Ufe of, is to the fquare Root of the focal: 
Length of the given one. And this is the Reafon that longer 
Telefcopes arc capable of magnifying in a greater Degree 
than ihorter ones, without rendering the Obj^d coDfufed or 
coloured^ 

at 
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&$ it is commonly called^ invented by Sir 
^Mc NewtMj is infinitely preferable to diem, 
tor one of thefe^ fix Feet in Length, fhall 
magnify jas mudu as one c^ the odier of an 
hundred* The Form of die TubCj and die 
Progre& of the Ravs diroii^h it, are as de-* 
fcribed in Figure tne 8oth, wher6 ABCD is 
the Tube, BC a concave reflefling Metal, EF 
a plain reflecting Metal fixed to the Tube by 
Means of die Stem HI< MN repreients a 
diftant Objed onitting Pencils of Rays 
£'om each Point, two only of which are here 
itpreicnted, and thoie cut off before they 
reach the Metal, to prevent Confufion in thd 
Figure. Now it is evident from what has 
iieen explained above (Qiap. X* Propofit. 3^ 
Cafe 4.) that dlefe Rays, were they not in^^^ 
tcrcepted in their Way, would return after 
Refl^ion at the concave Surface BC^ and 
form an inverted Image at OP, fuppofing 
that to be the Pkce of the Focus of refloftcd 
Rays« But in this Cafe the reBe^ed R^ys 
are intercepted in their Return to that Place 
by the plain Metal, and are thereby throwa 
fide-ways, andt^ inftead of forming tne Inuge 
OP, are made to foqxi the Im^ QR ; 
which, becaufe the Rays have as yet fuf** 
fered no Refradion, is not liable to the 
Imperfe3ibn which arifes from the different 
Refrangibility of the Rays of Light, nor to 

S aay 
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any other except what may aHfe from on 
knperfcft Polifh, or the Want of the Form 
of one of the conic Seftions in the RefleSor 
BC; and therefore may be viewed by an 
Eye at T with a very fmall Lem or Eye- 
glals KL, without appearing either coloured 
or confufed. 

It being inconvenient to find the Object 
with a Telefcope of this Form, a fmall di- 
optrical Telcfcope with two Hairs or Wires 
run through the Tube in die common Focus 
di the two GlafTes, and crofling each other 
at right Angles, is generally feed upon it 
in liich Manner that the Axis of one Te- 
lefcope fhall be parallel to that of the other, 
fb that when the Objedt appears in one at 
the Interfedlion of the Hairs, the other may 
be duly pofited for viewing the fame Ob- 
jedl through its Side. 

But this. Method of finding an Objeft is 
very incommodious for viewing terreflrial 
Objedts^ and therefore the fame Kind of Te- 
lefcope has been contrived and efiedted in 
the following Manner: 

ABCDEFGH (Fig. 8i.) is the Tube, BG 
die concave reflecting Metal, with an Hole in 
it at IK. LM is another refledting Concave 
fix'd to the Tube by means of the Stem NO, 
the common Focus of the two Metals being 
at P. Things being thus difpofed, let QR 

reprefcnt 
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rcprefent an Objedt emitting feveral Pencils 
of Rays, two of which are reprefented in the 
Figure. Thefe, after Refledion, will form, 
the two Extremities of the inverted Image 
ST (as explained Chap. X. Prop. 3. Cafe 4.) 
where the feveral Rays of the f^me Pencil 
crofs each other, and, being afterwards re- 
fleSed by the concave Surface LM, become 
parallel among themfelves, but the Pencils 
themfelves are made to converge, and, croffing 
each other at V, pafs through the X^/zj CF, 
which haying its focal Diftance about V, 
makes the Pencils parallel, and at the fame 
Time renders the Rays of each Pencil con^^ 
verging, fb as to form an eredl Image WX, 
which is feeii by the Eye at Y through 
another hem at DE. 

This Kind of Telefcope is called the Gre^ 
gorian^ as being attempted by y, Gregory^ 
though in vain, (See his Optica promota^ 
Propofit. 59.) It is now grown common, 
and is excellently well adapted for the 
viewing terreftrial Objeds, becaufe a Tube 
of this Kind, of two or Three Feet in Length, 
will magnify fufBcieptly for that Purpofe. 

If the Reader would fee a particular HiC 
tory of the Invention of the feveral Sorts of 
reflefting Telefcopes, he may confult the 
^ppen^tx to the laft Edition of Gregorys, 

' 5 a O^tm, 
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Optics^ where he will find a full Account 
pt it, together with the Letters that paffed 
between the Inventors themfelves upon that 
Occafion. And fqr fuch Authors as nave ex- 
^plained the Nature of MkroTcopes and Tek» 
fcopes in general, confult Mr. Johnjoris ^<f9 
fiones PbilofopL (^4 & 35. 
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PI8SERTATION IV, 

* 

Of the Rainbow* 

BEfore the different Refrangibility of Ligh| 
was difcovered, all Attempts to ac« 
i:ount ibr the Appearance of the Jlainbow 
proved inefFeflual \ for it is no other than 
the Diverfity c^ Refrangibility to which that 
Pbammenon is tP be afcribed: as will ap-p 
pear from the Allowing Ex^ication of it $ 
in which, becauie it is a rhammenon not 
eafily apprehended by Beginners^ I hope tQ 
be excu&d^ if I am more than ordinarily 
particular. To begin then : 

The Rainbow i$ never feen, but when 
the Sun ihines upon Drops of Rain falling 
on that Side of the Spectator which is oppofiti^ 
to the Sun. 

To illuftrate this^ let A (Fig. 82.) reprc- 
fent the Eye of a Spectator, and let B, Q D, E, 
be a Series of Drops of Rain falling from 
a Clottd^r on which let the Stm be fuppoied 
to fiiine jGrom the Parts about S, ^c. then 
will there be exfadihite4 die Appearance oi 
a R^bow in the Cloud ; and it wil) be 
formed as follows. Let SB, SC, SD, ©r. re- 
prefent the Sun's Rays, which (becaufe of 

the 3un*s great Diftance) we will fuppofc 
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parallel ; and let the Ray SC fall upon the 
Prop C at the Point C : then will fo much 
of it as enters the Drop be refra<aed . to- 
wards the Perpendicular, and proceed on, 
fuppofe to F, where Part of it will be tranf- 
mitted, and Part refleded, fuppofe to G ^ : 
Of that which is refledted to G, fome will 
be there reffefted and foipe tranfinitted ; 
that which is tranfmitted will, on account 
of the Divei^ty of Refrangibility to whidi 
Light is fubjea \ be feparated by Refradlion, 
and made to exhibit the feveral prifmattc 
Colours, v/z. B.edy Orange, Tellow, &c. And 
if the fled Light proceeds from the Drop in 
me Line GR, the Orange, fufiering a greater 
Pegree of Refradtion, will proceed in one 
fituated above this, fuppofe in GO, and th« 
Tellow in G Y, &c, and the Fiolet in GV j 
therefore, to an Eye placed any whfere in 
the Line GR, the Drop Cwill exhibit a i?^^ 
Colour, th?it is, the Cloud will appear Red in 
that Place. To an Eye placed any wher;? 
in the Line GO, the fame Drop would ex- 
hifjit the Idea of Orange Colour, and fo on 
through all the Colours of the Prifm. 

Now, let us confider the Paffage of a Ray 
cf. Light through another Drop at a certain 
Piftance below this, 'mz. the Drop D, on, 

» See the Manner in which Light is reflefted. Chap. vin. 
¥ See Chap, xi, 

which 
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which let SD be the incident Ray. This 
Ray, after having been refradted and reflcded 
as die former was in the other Drop> will 
emerge feparated into the Rays HR, HO, HY^ 
©c of which, if HR exhibits die Red, HO 
will p^int the Orange^ HY the Telhw, &c. 
and HV the Fiolet Colour ; and the Ray in- 
cident upon this Drop being parallel to that 
which was incident upon the forny^r, the 
Rays, exhibiting the fevcral Colours feparated 
by this Drop, will be re^eftively parallel to 
the Rays exhibiting the correfpondent Co- 
lours feparated by means of the other Drop 1 
that is to &y, the Ray HR, which exhibits 
Red in this Drop, will be parallel to the Ray 
GKy which exhibits the fame Colour in the 
other Drop ; and fo of the other correlpond- 
ing Colours. Confequently the Rays HO, HY, 
&c. which exhibit Orange, Tellow, &c., m 
this Drop, will all converge towards GR, which 
exhibits Red in the odier : and therefore 
each of theie would cro& that, if produced 
far enough. Let then the Ray HV in the 
Figure before ys, which exhibits Fiolet in this 
Drop, be produced till it crofTes that which 
exhibits Red in the other produced alfo, fup- 
pofe at the Point A where the Eye of the 
Spedator is placed. Xo this Eye therefore, 
upon this Suppofition, will be reprefented in 
the Cloud at the fame Time two of the 
prifmatic Colours^ ^iz. Red and Violet, the 

Red 
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jRed above at G, a^d the Vi^lei beloW 
at H. But if we fuppofe the Eye placed 
farther back» where a Ray, that exhibits ai^- 
other Codour in the Drop D, would cro& the 
Ray CR, or whkh conies to the fame Thing, 
if we fuppofe the Drop D fo much nearer to 
ihe Drop Q that that Ray nuy enter die Ev€ 
along with the other at A ; men would the 
Colour of that Ray be eidiibited • along widi 
the Red. For Inftance, if the Drop D be 
placed fo much h^er, that the Ray HO 
which exhibits Orangey may crofs the Ray 
GR at A, then to the Eye will be exhibited 
ihe Colours of Re J and Orange ; and if there 
be a third Drop below this, lb placed that 
the Telhw proceeding from it fhaU enter the 
Eje alio at the fame Time, then will three 
or the priftnatic Colours appear to Aat Eye, 
and io on for the other Colours, till die Si*^ 
fcuation of the Drop be fiippoied as low 
as v4iere the Drop D is, and then the Violet 
and moft refrangible Light is tranfmitted to 
the Eyei but from Drops below this, no 
Colour is , tranfmitted thidier, all the Rays 
whidi iiTue from a lower Dropj as E, fKifiing 
below the Eye. And as thofe Rays, whidi 
pafs through die lower Drops, are too low 
for the Eye at A, fo thofe which come 
from the higher ones, as B, are too hi^ 
as appears by Infpeftion of the Figure ; fo 
that there is nothing but total Darkneis both 

above 
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abovfe and fjielow. Now -fince thq Colours oif 
Hie Rainbow tire the fame with thofe of the 
Prifm, it is evident, from what his ,been faid, 
that between the I^oints G and H, all the Co- 
lours oiF that beautiful Phcenomekon will appeir, 
provided a fuffit:ient Number of Drops be fup- 
Iplied from the Cldud, to prevent zny Hiatus or 
Deficiency in the Light reflefted by theih. 

But we have hithertb tacitly fnjipbfcd, Hiai 
tlie Rays SB, SC, SD, Be. were all iricident 
with the fanie t)egrfee of Obliquity upon the 
Surface of each DrbjJ (that is, mat they enter- 
ed at the fame Diftance from that Point in tfifc 
Surface of eath Drop which is nearefl the Sun) 
and that that Obliquity vc^as certain and deter- 
minate : For Rays which enter the Drbps with 
other Obliquities condtice nothing towatd^ dx- 
hibiting the Colburs of the Rainbdw, and arc 
thei-eforc to be looked upon as ineffeSittai and 
infignificant, . The Truth of whidi we ihafi 
hovtr orocecd to (hew. After this, we fhatt be 
enabled to eiplain the remaining Pafticulai* 
relating tb the Bow. ^ 

Let then SA, SB, SC, &€. (Fig. %^.\ re- 
prefent the Sun^s Rays falling upon the iJrop 
A V, the firft perpendicularly tb the Surface of 
it, the other with different D^gf'ee? of Obliqui- 
; according to their di^ereht Diftatft:es from 
t firft ; and let the Point at which Afe two 
iirft, viz. SA and SBj woUld meet by' meanis 
of that Rrfraafon which the oblique one SB 

T fuflfersi 
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fuffeis in pafiing through the firft Surface of 
the Drop, oe H Now it /was remarked ^Chap. 
III. Ohfervat. 2. in the Notes) that when 
parallel Rays fall upon a convex Surface, the 
nearer any one of the oblique ones is to that 
which enters the Sur£ice perpendicularly, the 
greater (hall be the Diftance at which it will 
sneet the perpendicular one after Refraftion at 
:diat Surface ; that is, in the prefent Cafe, that 
the oblique incident Ray SB {hall after Refrac- 
tion at B, (fuppofing it to pais dirough the fe- 
cond Suiface of the Drop without RefraAion) 
tneet the perpendicular Ray S A produced at a 
greater Diftance than SC fhall ; and SC fhaU 
meet it at a greater than SD fhall; SD at 
a greater than S£, &r. H then being fuppofed 
to be die Point where SB meets S A, let I be 
that where SC, K that where SD, L diat where 
SE, M that where SF would meet dt^ G?r. 
From whence we may obferve, 

That the farther we take the Rays from 
SA, the nearer are the Points which the re- 
frafted Rays fall upon the fecond Surface of 
the Drop at, fituated to X, till we come to the 
Ray SD ; after which, the fanher we take them 
from SA, ^t farther die Points they fall upon 
are from X. For Inflance, the Ray SB tells 
upon N; SC upon O ; SD upon P \ but SE 
does not fall beyond P, but upon O, and SF 
upon N, Gf r. So that upon every Point below 
P there are two Rays incident } and the one of 

them 
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them is i^di as enters tibe Drop on one Side of 
the Ray SD, and die other on the odier ; and 
the farther, from it the one is on the ode Side; 
the farther die other is on the other ; and alio 
die fardier they are from i^ the farther the 
Point they meet at is from P. Thus SC and 
SE meet at O, die Rays SB and SF at N, Gfr. 
The Ufc of wfcdch Obfervation we (hall fee by 
and by. But let it be remembered, that I would 
be underilood here and in what follows of the 
Rays of one particular Colour only. 

JN ow it is remarkable^ that when two Rays 

fall upon a Drop, and at their Entrance are £) 

refrained, as to meet in a Point at the other 

Surface, and are from thence refle&ed to ibme 

otfier Part of die Surface, and there pafi out 

of it J they fliall after fuch Emergency have the 

fame Inclination towards each other, that they 

had tefore they entered the Drop. To explain 

this, let AB, CD, (Fig. 84.) reprefent two 

Rays incident upon the Drop BG, and fet diem^ 

after Rcfra<ftion at B and D, meet at die Point 

E, firom whence being refledicd, let them pals 

out at F and G, and be refrafted into the Lmes 

FH and GI j then whatever Inclination the 

incident Rays AB, CD, have to each other, the 

emerging Rajrs FH and GI will have the feme. 

Becauie the Angles of Incidence and Reflection 

at E being equal, the Rays EF and EG will 

have the fame Inclination to ^ach othef and to 

die Surface at F and G, diat the Rays EB and 

T 2x ED 
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£D have to each otbei;, and to the Surfa^ at 
B and P. Vox if we conficive all ^fe Rays 
to j^w from^ the Point £ as a l^ac^ajity and RA^ 
DC, to be .me refradied ones of the ix^adent one^ 
ER ED, aii FH and GI are of EF ai^d EG> 
it is evident, tl^at under theie Cit;cumftaAce|B^ the 
Rays BA and C A ^yi^ have the fa^ie Inclinatioi^ 
to ^h other, thjat Fp and HI havp ; but the 
Degree- of j^efradtion is the fanie, wiiether £B 
and Ep, or AB and CD, be die incident Raya^ 
becaufe the refraxSiye Powei: of the Drcp is the 
fame, whether, tj>e Rays pafs opp Way,' or, the 
other;. The Propofition therefore is true. 

From hence it fcdbws^i t)ut the parallel 
Rays, SB, &]f, iFigi 83.) which aftpr Refraaiox^ 
meet at tlie fame Point N, will, if they are 
from dience I'efle^d, fuppp^intheX/in^NQj^ 
NR^ hecome p^alkl to ea^ch other, after their • 
Emergency, iiippqfe in die I^ines QT,.RVj 
But t^eir intermediate qnes S9> SD and SE» 
wHiii fall uppn quite difierQo^t Poii^ts a^ the 
fecoqd Surface of the Drpp^ and . are fron^ 
thence reflected, vpill not do i:>^ but will go ou{ 
in pireSipns oblique to q;^e another and t^ 
them,; and will tiierefore pafs on, not only^ a 
different. Way from tljem, but from one ano^ 
ther : So that the Ray^. QT and RV will bq . 
left to themfelyes, being deprived of their /«r 
termed;aU,on^, by which Means they arf? 
rendered, ^ to all Intents and Purpofes of Yi- 
iion, ent jrely uieleis and infignifyanU 

Again^ 



r 



I 
\ 



DiflcrLlV, Of tJ^ J^svshow. 197 

4x» AiN^ the Ray$ SC and SE^ yAskk madt 
^^ me ^oiat Q^ wSl aUb be paiaUd anywg 
thrpifefacs aRer dieir Emeigqicy fiom the 
Droo^ but dieir interme4i^€ oofis wffl pa& oflT 
anompr Way, tboog^ nQ( fo oUkpidy, widi 
Re^)eA to uuBin, and to one another, as tfiofr 
in the fioo-^oiag Caib; becaufe the ieverai 
Points t)^ is$i upoQ at d» &cond Sm&ce 
df the Pi^i bdng fitjojited. beMrccyi O and P> 
are near? ip each^ otfain:; than die Points the 

intay^Hidt^^^f^i^^^^t in the former Cafi^ 
weretpN, 

ButT fgch as. afi& incidmt veiy near ^<»i 
cadi ^|lp' qC it,, will, with, their mtqrmediafic 
oqcs all? ^^i^opi or at^an infenfihle Diftance 
freoL th^ Ipoiptc P ; (6 that thef^ after their 
^effj^f^i i^J^i^ll p^fe pn pwallfil, or rpiy 
nearly fo, to each other ; and therefore whea 
they enter the Eye of a Spectator, though he 
be at. a confiderable Diftano^ will afiedt him 
IcQfibly enoq^ to excite the Idea of their 
own Cplwr (for as was obferved above, I 
ibeak' now only of Rays <£ one Colour) which 
me other Rays, qonQdered in the foremeadoned 
Cafes, for Want of their intermediate ones, were 
too we?tk' to do, however hear die Situadon of 
the. Eye might, be. . Thefe therefore are the 
onlv Ray? that exhibit the Colours of the Bow^ 

and^re h^pC: Q^led in Cpntradiftinftionto fiich 
as enter at pd<Br Points rf die Drops, that is^ 
with bthc* Obliquides^ e^eSlual or Jifgnifcant. 

It 



198 Of the Rainbowr 

It was proper therefore, in the E^cpGeatiort a^ 
bove, to fuppofe none to enter the Drop, bat 
ihefe. As ' to At Degree of Obliquity with 
which Rays muft fall upon the Drops to be>- 
come efFedual, the Mediod of finding that 
will be (hewn in the next Note. 

SiNC£ then the efFedual Rays enter eadb 
Drop with die fame Degree of Obliquity (I 
ilill mean fuch Drops as exhibit the fame Cc> 
lour) the emerging Rays muft neceflarily make 
the &me Angle with die incident ones in every 
Drop. The Magnitude of whidi ihall be de*- 
termined* vti the Note below *. That is, the 
Angle which the Ray SC (Fig. 82) makes widi 
the emerging Ray GR which exhibits Rtdy will 
be the fame in all the Drops diat eadiibit 
that Colour } and fo of the reft: Let then the 

Line 



« We are here to decertnine the Ang^e, which aa incident 
ificacioUs Ray of any Colour makes with the emerging Ray of 
the fame Colour. In order to this, let AB, CD, (Pig. 8a) be 
two Rays incident npon the Drop BG, and let them be refradled 
to £9 and after Rcfledion there, and a fecond Refttiftion at F and 
Gf let them emerge in the Lines FH and GT, making with the 
incident ones the Angle AKI« which is the Angle to be deter^ 
mined* 

Let us call the Ratio, which the Sine of the Angle of Inci' 
dence bears to that of the Angle of Refiaftion. I to R. Then 
firom the Center L to the lines BK, BE, and D£, dnW the Dnei 
LMy LN, and LO, refpe^vely perpendicalar, and with the £«• 
dius LO defcribe the Arch OP» and draw the Line LB, and pro- 
doce it to Q. Then will ABQj or its Eqnal LBM, be the 
Angle of Incidence of the Ray AB, and LM its Sine: LBN wiU 
be the Angle of Refradion, and LN its Sine : Likewift LR will 
be the Sine of the Angle of Ii^idence of the other Ray CD, and 

LO 
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Line AI be fuppoied to be drawn from the 
Sun through the Eye of die Spe£tator^ and pro-* 
duced towards the Point I. This Line, becauie 
of the Sun's immenfe Diftance, will be parallel 
to the Sun's Rays SB, SC, SD ; and therefore 
the Angle GAI which this Line makes widl 
any one of the emer^ng Rays, for Inftance 
jGR, will be the fame that die .incident one 
makes with it. Let us then imagine the Line 
AI fixed, and the Line AG to revolve round 
it, always making the fame Angle with it ; 
then wUl die Line AG defcribe the Surface 
of a Cone whofe Apex will be at A, and its 
Axis AI, and the Surface of this Cone wilt 
in all Parts of it make the fame Angle with 
the Sun's Rays, becauie they are parallel to 

one 



LM:LN::I:R 
LRjLO:: I:R 

LOn-LP 

LR:LP::I;R 



LO the Sine of its Angle of Refraaion. We ihall therefcre have 

for the iirft Step of the following Proceft 

thb Proportion, vt%. 

And for the fecond 

But by Conftrudion 

Theiefbre from the 2d and 3d 

Stejis 
Now if we fiibftra£l the two 

firft Members of the fbarth 

Step from the two ftrft of 

the ^firft Step refpedtively, 

by which Means the Pro* 

portion between the Terms 

will not be deftroy edy we Audi 

have 
But by the Fieore 
And 1 ^ 



Therefore from the fifth, fixth, 
wi iSnrenth Steps, we have 
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LM—LRrLN— LPnr:R 
LM— LR=-=MR 
LN— LP=NP 
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one anomer, «ind to die Axi^ of tiii Cone $ 
therefore Drops of Rain, ^?^te<^e^ Part olF tJiU 
Surface they pafe throueh in falling, ^;^ll, in Ae 
Inftant <^ Time diat they pafe throu^ it, fend 
a red Ray towards the Eye of the Spcftator j for it 
IS not neceffary that the Drops ihtifi)ld be all at 
Ae fame Diftance froni the Eye. In like tnan-^ 
titr Drops of Water, pafling tfirough the Surface 
of a leffer Cone made by the Revolution of A* 
Line HV about the Line AI, will exhibit Via^ 
let ; and fb for the intermediate Colours. So 
Aat the Rainbow, were we to fee it entire, 
would be a complcat Cirple having its Center 
in thp Line AI, and confequcntly diredly op^ 
poiite to the Sun with refpe£t tQ me Spectator's 

Eye, 

Parallel to BE draw the Line DX, and on the Lines DR and 
DX let h\\ the PerpendicQlai^ BT and BX, from the Point B. 
Then, becaufe we fuppofe the Rays AB and CD efficacious ones, 
and therefore infidite]^ near one another, the little Triangles BTD| 
fiXD, and l^OP may h^ coiiiidered as right-lined ones, and th6 
latter, wix. NOP may alfo be looked upon as right-angled atP^ 
Upon this Sappofition, the Triangles BTD and fiLM will be fi^ 
miJar, for they are rirbtr angled at T and Ml and the Jt^les DBT 
and MBL nvant each the fame Angh TBL to make either of them 
right, they are therefore alfo equal. For the like Reafim the Tri- 
angles J>^X and BNL are fimilar, hnt^ right-angled at X and 
Nt and wanting equally the Aftgle XBL to make their Af^les at Ej 
right ones. But to the Triangle BDX the Triangle NPO is alfo 
fimilau*, for they are right-at^led at P andXr they have iffoir Sides 
IIP and BX faralUl^ as being each perpendicular to the fame Line 
ME I and their Sides M> and BD are alfo paralleh iecanfi the 
Points Nand.O, moherttho Perpendiculars LN and LX) faU, situ/i 
h in the Middle ef tho Lines BE and DE, Now, fince the 
Lines BE and BE are coincident at E, and the Points N and O 
are in the Middle of each, BD is dou^e of N^O i and oonie- 

quently. 
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Eye. The Reafon that it does, not appear fuch* 
is bccaute the Sun when the Rainbow 'is leen> 
is in or above the Horizon, and. therefore the 
Center of the Bow being oppofite to it, is in 
or below vx.^ on the other Side the Speftaton 

Since tl^e Angle liiad^ by the Line SC with 
GR, or which is the fanie thing, GR with AI 
is 42 Degrees and tv^o Minutes, as cletermin- 
ed ih the Note, it's evident tjiat whfen'the SuAi 
is in the' Horizon, the higheft Point of die Bom 
is 42 Degrees and two Minutes above the Ho- 
rizon, 



qncntly, the Triangles NOP and BDX being fimilar, BX is 

doable of NP. From whence we have the following Steps, 

nnx. ~ 

And 

By comparing thefe two toge* 
cher 

But by ConftruAion 

And, as was juH now ihewn, 

Confequently from the three 
lad Steps 

Bat by the eighth Step 

therefore ^om the laft' 

Cbnicquentiy from the four- 
teenth' and fixteenthStep 

Bat from the firit Step 

Ifher^gxe from the two lall 

And by changing the Places 
of the mean I'erms in the 
laft Step 

And by fquaring each Term 

From whence by comparing I 
the Antecedents and Confe- 
quents with the Antece- 
dents we have 



10 
II 

12 

I 



i8f 
19 



20 

2f 



BL:BM::BD:HT 
BL:BN:: J5D : BX 

BM:BN::BT:BX 

BT«=MR 

BX«raNP 

BM:BN::MR:2NP 
I:R:: MR : NP 
1 : 2 R :: MR : 2 NP 

BM:BN:!l:2R 
LM:2LN:;I:2R 
BM : BN :: LM : 2 LN 



BM:LM::BN:2LN 
BMq : LMq :: BNq : 4 LNq 



22( BMq+ LMq: BMq :: BNq 
I r^ 4 LNq : BNq 



U 



But 
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rizpn, for then the Line AI is parallel to it ; and 
as the Sun rifes the Height ot the Bow dimi- 
nifhes, and with it the Portion that is vifible, tilj 
It is 42 Degrees and two Minutes High ; after 
which the Bow appears no more, becaufe then 
^c loint I is above 42 Degrees l^low it. 

The Fbmiomenony wp have been explaining, 
ponftitute? what is called the primary or inte^ 
rior Bow ; there is alfo another exterior to this, 
whofe Colours are much more dilute and faint^ 

which 



... I 



3at becaufe the Triangle BML 
* is right angled at }A 
And for the like Reafon 

BNq •+: LNq is equal to 

£Lq, therefore 

Therefore from the thvee laft 
Steps 

BatBLN being a right-angled 
Triangle ' 

therefore from the two laft 
Steps 

Now becaufe BML is a right- 
angled Triangle 

Therefore from the two laft 
Sijp» 

And fobllrafUng the two firft 
Terms, ^ix. BLq and fiMq 
out of the two laft Terms 
refpediv<e]y» we have 

B^t by the firil Step 

Therefore fublUtuting land R 
in the Room of LM and 
LN ii) the 3QthStep» wc 
have 



^3 
H 

26 

28 

29 



3P 
31 



3 



BMq-(-LMq»BLq 

I 

BNq+4LNq«BLq-i- 
3 LNq 

BLq:BMq::BLq+3LNq; 

BNq 

* 

BNq a« BLq ^ LNq 

BLq : BMq :: BLq + 3 LNq: 

ELq— LNq 
BLq ^ BMq + LM 

BLq ; BMq :: BL 4- 3 LNq : 
BMq-fLMq— LNq 



BLq : BMq :: 3 LNq : LMq 

— LNq 
LM : LN :: I : R 



BLq : BMq :: 3 Rq: Iq— Rq 

The 
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which for thatReaibn is called ihc/econdaryBow^ 
trhe Progreis of the Rays of Light through thfc 
Drops of Water, in forming this, is as follows. 

Let A (Fig. 85.) rcprcfeilt the Eye of a 
Spedlator, SB and SC two of Ae Sim's Rays 
entering the Drops, as exprefled in the Figure^ 
and after being twice refledled in each Drop, 
viz. at D and D, let them pals oiit, Ac onfc 
at Ej the other at F; by which Means they will 
be feparated intd their homogeneous Colour^ 
the Fiolet and moft refrangible Light btein^ 

The Pfopordon therifbre whi6h tht Siiie 6f die Angle of It- 
cideDoe bears to that of the Angle of Refradtion, when Rays of 
any particular Colour pafs out of Air into Water, being known^ 
the Proportion, which the Radius BL beats to BM, will be there* 
by determined ; . and therefore the Angle BLM, of which BM. is 
the Sine, will alio be known, and therefore alio the Angle L6M« 
which is equal to ABQ, the Degree of Obliquity wherewith the 
'tgicacioui Rays enter the Drop. But the Line BM beings known, 
the Line BN may be alfo had by the 1 7th Step» and therefore 
alfo the Angle BLN 6i which \% is the Sine, and therefore the 
Angle LBN too, or its E^ual LEN i and therefore ^fo the \ 

Complement of this laft to two right ones, viz, KEB. If noW 
we. fubilra£i the Angle LBN out of L6M, we gain the Angle 
£6K» and cohfequently the third Angle in the Triangle EBKl 
may Ite from hence known, *i;/z. the Angle BKE. Now if we 
double this| we have the Angle AKI, which was the Angle 
fought. 

If a Computation be ffiade after this Matins with the Rati§ 
of 108 to 81 (or which is the fame thing) that of 4 to 3, fof 
the R^dKzys, the Angle AKI (that is, the Angle GAI ini Fig. 82.) 
will be found 42 Degrees and 2 Minutes ; and if we ufe the Pro- 
portion of i 09 to 8 1, which is th6 Proportion of Refraction in the 
Fio/e/ coloured Light, the Angle A Kl (or HAI in Fig, 82.) will 
be 40 Degrees 17 Minutes. And the Difference between thefe 
two Angles (that is, the Angle QAH in Fig. 82.) will be the 
Breadth of the Bow* 

U i Conveyed 
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conveyed ffom the uppermoft Drop to th6 Eye 
at A in the Line EV : while the Red, anil leaft - 
refrangible, is carried froni the lower one in 
the Line FR, and the, Intermediate Colours 
from. . the intermediate Drops : So that in 
this Bow the Colours will be in an inverted 
-Order, with refoedt to thofe of the other, 
the Red being the innermpft in this, which 
was the outermoft in that. The Colours in this 
will be more dilute than in that, becaufe the 
Rays in this fuffer two Refleftions, in that but 
one ; and. the Angles, which the incident Rays 
in this make \yith the emerging ones, are larger 
*than the like Angles in the other, as fball oe 
determined in the next Note, "viz. 50 Degrees 
57 Minutes for the 22^^, and 54 Degrees 7 Mi- 
nutes for the Fiolet -, this Bow therefore is ex- 
terior to, and encompaffes the fprmer. 

As to the Means by which Rays of Light 

become efficacious in the Formation of this Bow, 

it is exhibited in Figure 86. where AB, Ct) 

reprefent two parallel Rays incident withi fuch 

'Obliqui^r'upon the Drop, that they fhall crofs 

each other before they reach the other Side ; 

which that it is poffible appears from whityiis 

!iaid, with regard to the Progrefs of the Rays 

J through the Drop XY in Figure 83. Let them 

. then crofs in the Foint E fuch, that after Re- 

neaion.at F and G they may become |)arallel, 

fuppofe in the Lines FH and GI, then fibhi 

' the Nature of the Circle it is plain, diat after • 

Reflection 



* 
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"Reffcftion at H and I they 'will crois again, 
'fiippofe* at'K, and, after ReFrailion at V and W, 
will become paraUel as atfirft. And, fuch 6f 
thefe as alfo enter fo very hear one another, that 
their inteitiiediate ones may fiiiier the like Re- 
fra£lldns arid'Relfedlions with themfelyes, will 
ht the ej^daciouz ones, and exhibit the Idea of 
their owp/ Colour, at a confiderable Diftance 
T(om the Drop. ^ What the Obliquity is with 
which thefe m'uft enter Ae Drops, and die 
Angle the emerging ones of eacn particular 
Colour will make with their incident ones, (hall 
be determined in. the Note below **. 

Now 

b The Pro^rcfs of the efficacifus Rays through Ac Drop BfH 
(Pig. 86.) bpipg as explained above, it is evident, becaofe thft 
Angles oC Incidence are every where eqaal to the Angles of Re- 
fledtio^, that 'the Lines BG, GI, and IW are all eqaal, and 
therefore the- Arches BG, GI, and IW are fo' too ; and likewife, 
that the, Lines DF, FH, aqd HV are'^al, and therefore affo 
the Arches' QF, FH, and HV : It is alfo apparent, that the 
Arch FG is equal to HI, therefore FG is half the Difference be- 
tween ^e Arches FH and Qly and confequently it is half the 
Difference alfo between the Arches FD and QB which are refoec* 
tively equal to thefe. Now, the whole Difference between thefe 
Arches is what remains when FG is taken from HD, therefore 
the Remainder when FG is taken from BD i^ double of TG, 
confequently FGitfelf is but one third Part of BDn; for, if when 

". one Quantity is taken A-om anoUier, the Remainder be double to 
the Quantity taken away, it is plain that other mull contain 
the Quantity taken away three times. 
,Now ^be Rays AB and CD being fuppofe<i infinitely near' one 

'^ another, the curvilineal Spaces B£D, and F£G may be con{tder*d 
as iimilar Triangles, and therefore £G is equal to a third Part of 

,£^ cohfel^entlv N being the middle Point of the Line BG, 

""XN is-equal to £G^ and thereforealfo a third Part of £B. 

If now as in the 84th Figure, the Triangles BTD and BXD be 

, SomHi at alfo the Triangli NOP, NO will be a third Part of 

BO> 
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Now if wc imagine the Lines EA and F^ 
(Fig. 85.) to revolve about the Line AI which 
paffes through the Eye of the Spedator and the 
Center of the Suri as fcefore;, and always to 
ttiake the fame An^es with it at A, they will 
defcribe the Surface of two ConeS, in the larger 
of which, will bfe fituated die Drops that ex- 
hibit Fiolef, and in the lefler thofc which 
exhibit Red. So diat this Bow alio, were it 
to appear entire, would be a compleat Circle, 

aifd 



itf, and NP a third Part of BX. Therefore refaming the for- 
mer Procefs at^he. 1 1 th Step, we may proceed as follows, 
Fiz. |ii(BM:BN:: BT : BX 



iy Conflru6tion 

And by whs^ v^s juft obferv'd 

Therefore from the three laft 

Steps 
But by the eighth Step 
Therefore from the laft 
Confequently from the 14th 

and i6ch Steps 
But by the firii Step 
Therefore from the laft 
Therefore from the i7tb and 

19th 
Or by changing the Places of 

the mean Terms in thelail 

>S^^P 
And fquaring the Terms 

Therefore by comparing the 

Antecedents and Confe* 

quents withtheAntecedents^ 

we have 

Bot by ike Figure 
And 



ts2 



17 
18 

19 



to 



21 

22 



23 

24 

I I 



BT=«MR 
BX»te3NP 

BMi: BN :: MR: sN^r 
I: R:: MR: NP 
I: 3R::MR:3NP 

BM : BN ;: 1 : 3 R 
LM:LN::I:R . 
LM:3LN.:I: 3R 

BM : 6N :: LM : 3 LN' 

BM:LMr. BN: jLN ^ 
BMq : LM^ :: BNq : 9 LNqf 



BMq 4 LMq : BMq :: BN<j' 

+ 9LNq: BNq 
BMq + LMq « BLq 
BNq -f 9 LNq -B BLq + 

8LN9 

Thereftrc 
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and the feveral Cones, through whofe Surfaces 



Therefojre from the three la|% 

But by theFigare 
Therefore from the two laft 

But by the Figure 
Therefore from the two laft 



And fubilnaing the two firfl 

* Terms out of the twp laH 

Terms, we have 



26 



27 
28 



29 
30 



But by the firft Step 
Therefore 



3" 



32 



BLq : BMq :: BLq a. 8 LNq : 

BNq 
BNq = BLq— LNq 
BLq : BMq :: BLq + 8 LNq : 

BLq — LNq 
BLq == BMq -^- LMq * 
BLq : BMq ;: BLq + ? 

LNq : B\fq J^ LMq 7- 



BLq: BM :: 8 LNq: LMq— 

LNq 
LM: LN: I: R. 
331 BLq : BMq :: 8 Rq : Iq — 

Now the Proportion of I to R being' known, the Proportion 
which the Radius BL bears to BM is had by the laft Step. But 
to avoid the Confufion which a Multiplicity of Lines may oo* 
cafion, let the 86th Figure be transferred to the 87th with a| 
many Lines as ihall be neceflkiy, in which ^ let AB be the in^ 
cident R^y, BG the refr^ed one as before. Theq, becaufe the 
Proportion between BL and BM is known, the Angle LBM may bci 
had, which is equal to ABQ*^ the Meafure of the Obliquity with 
ivhich the efficacious Rays enter the Drop; and therefore 
alfo its Complement to two right ones SdL. And the \adi^ 
BM being known^ the Line BN may be had, becaufe by the 
17th Step BM is to BN as I to 3R, and therefore alfo the Angle 
IbN, or its Equal LGB, and confequently BLG the remaining 
Angle of the Triangle BGL ; but to this is equal the Angle' 
GLH or HLV, arid if'thei<; three be added together, and 
^eir Sum taken froip four right ones, it will give the remaining 
Angle about the Center, fviK, VLB/ which being halved, gives 
the Angle SLB } but the Method of determining the Angle SBL 
nyas Uticwn befor^, and 'therefore L^B the remaining Angle of the 
Triangle LBS, niay be had, which Angle doubled gives th9 
Angle VSB or its Equal ASY, which is the Angle fought: « 

If a Computation be made after this manner with the Rati9 
of 108 to 81 for the Red Rays, this Angle will be found to be 
jo Degrees 97 Minutes; if with 109 to 81, for the Fiolet, ijt 
will be 54 Degrees 7 Minutes; and the Difference, «uiz, $ 
Pegrees ^o^mutes, will be the Breadth of the B^tt/v. 

the 
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the Drops as they form the Colpurs of it pal^ 
having one common Axis AI with thofe in 
whofe Surfaces the Drops forming the Co- 
lours of the other Bow were placed, this will 
be exterior to, and concentric with it, and 
will therefore furround it^ as obfcrved above. 

As Rays of Light when they arrive at the 
Surface of a Drop of Water never all pafe out, 
but are in part refledted and in part refraded, 
it is evident that fome R ays will pafs out of 
each Drop after having fuffered three Reflec- 
tions, fome after four, Gf r. thefe alfo will con- 
ftitute Rainbows 5 but bccaufe the greateft Part 
Part of the Rays will be loft in fuffcring fo 
many Refleftions, that Rainbow^ which is made 
by three Reflexions, is fcarce ever feen, much 
lefs fucb as are made by more, (^c. 

It is evident, that fince the Line AI, viz^ 
die common Axis of the Q)nes, on whofe Bur- 
gees the Colours of the Bow are formed^ pailes 
through the Eye of the Speftator, no two Pcr- 
fons can fee tne fame Bow at the lame Time, 
or rather, that the Rainbows^ feen by two Per- 
sons at the fame Time, are formed in difte- 
rent Drops of Rain, and in different Parts of 
the Heaven, 

Accordingly, if a Perfon obferves the Dew 
as it hangs upon the Grafs when the Sua 
fliine% he fhall fee the Colours of the Bow in 
the Drops of Dew^ but as he walks along, 
the Colours ihall remove ftom Drop to Drop. 

Some* 
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Sometimes the lower Part of the Banio (hall 
appear upon the Ground, and the upper 
Part of it not at all, and then it looks 
like a Rainbow lying along the Ground 
with the Extremities of its Le^ turned 
upward into th? Air : This is when the Sky 
is clear towards the Son, but foggy on the 
pppofit^ Pa,rts» and only to a finail Height 
from the Ground. 

The Moon {pmetimes occafions &e Ap# 
pearance of a Rainbow after the lame Man- 
ner that die Sun does, but the Colours arc 
piuch more faint and 4ilute. 

And laftly, If Water be continually thrown 
up into the Air oppoiite to the Sun, as from 
9 Fountain, and there breaks into fmaU Dropsy 
the Appearance qf the. Rainbow will be ex-* 
iiibiteq ia th^nd, 

See more on this Subjed in Antonius de 
Dominis de Radiis Vifus & Lucis j and die 
Authors referred to by^ Mr. Johnfin^ m hi$ 
Fbilofopb. ^aft. Chap, yii. Q;,45 & 46, 



X , Of 



410 Of tU Obfcura Camera 

Of the Obfcura Camera and the 

Magic Lanthorn* 

TH E Obfcura Camera is of two Sorts i 
the 01x6 is no other than a convex Lem, 
fixed in an Hole in a Window-Gutter, 
which Lens^ when no odier Light is per- 
mitted to enter the Room except what pafTes 
through it; will remefent all die external 
ObjeAs that are viuble through that Hole 
upon a white Paper held at the focal I^ 
tance of it^ painted in their proper Colours. 
To ilhiftmte this, let AB (Fig* 88.) tepre- 
t a Window^fliutter, CD a convex Len$ 
ed in an Hole therein, and let EF be an 
external Objed ; then will this Objedt emit 
Rays of Light of its own Colour firom cadi 
Part, which paffing through the LenSy as die 
Fi^e repiefbnts mem, will be colleded into 
Points at ON^ and being there received upoi a 
white Paper or other Stmace, will repreient the 
Objedl painted in its proper Colours, which 
Colours will be the ftrongeft of all when 
the Sun (hines upon that Side of the Objed 
that is next the Glafs. But the Reprefen- 
tation will be' inverted^ becaufe the Pendk 
of Rays that flow from the Objed crois in the 
Middle of the Glafs. 

The 




and the Magrc Latithorn. itt 

The other Sort , of Ohfcura Camera is that 
tvhich is called the Portable one, and is of 
Ufe In drawing Pidures, taking Landflcips, &c. 
It is contrived after the following Manner, 
AIKB is a Box, in an Hole in whofc Side the 
Lens CD is fixed (or radier at ihe Extre- 
mity of a fhort Tube fixed in that Hole) and 
in the Situation LM is fixed a Piece of Look- 
.ing-glafe making an Angle with the Side of 
&c Box of 45 Degrees; this, receiving the 
Rays in their JPaflage to GH, throws them 
iipwardSy and caufes the Reprefcntation to 
be made in NO, which is there receivcid upon 
the under Side of fome thin Subftance PQj^ 
that is in a finall Degree tran^arent, as thin 
Paper w Glais about half polifhed, and Co upon 
opening the Box appears ready to be drawn 
or copied out. But that the Colours may ap- 
pear ftrong, die Light muft be kept from 
itdling upon the Paper or Glais^ as much as 
may be. 

The Magic Lantborn is an Inftrament in- 
vented by Kircherj m order to reprefent 
Objefts much larger and more luminous than 
they are. It is no other than a dark tJant- 
horn, in die Side of which there is fixed a 
(hort Tube, and in the Tube two convex 
LefiJeSj and between them a tranfparent 
painted Image of the Objedl we would repre- 
fent. The Paflage of the Rays through the 

Len/es 
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Ijtnfes apd the Image is thus. Let A (Fig. 89.) 
reprefent a burning Lamp placed as in a (X)m9^ 
mon Lanthorn, find let CD, EF, be the twp 
Lenfes placed In thp Tube abovementioned, 
and the Picture at GI}^ And let the Situation 
of the Lens CD \it fuch, that the Light whidi 
falls upon it fron; the Lamp may be all thrown 
upon toe Pifture GH, by whidbj M^ans it wilj 
be ^rpngly illuminated 9nd being tranfi>a- 
rent, will throw put Rays ifi Plenty tfie omer 
\Vay; Which Rays, in paifing throi}gh the 
other Lens EF, let us fuppofe to be col-, 
lefted into their refpedive Foci ojti an pppdfite 
Wall at IK| an4 to form ^n Image there. 
Which Image wijl be larger th^ th? Pic- 
ture, in Proportion a? the Diftance IL is greater 
than LH 5 becaufe the Angles ILK^ and GLH[ 
are equal j and the Rppm being ' dark every 
where elfe, it will appear very oright, if the 
Pifture be ftrongly illuminated by toe Lamp, 
And befides the abovementioned Apparatus^ 
there is fbmetimes a concave Refleder placed 
within the Lanthom behind the Lamp, as at 
MN, to give a ftronger Illumination to tihc 
painted Image at GH. 



A 

Compendious System 

o F 

Natural Philofophy 

With NOTES 

Gmtaitui^ the 

Mathematical DEMoiisTKATioNt, 

AND 

Some Occafional Remarks. 



PART IV. 
ASTRONOMY. 

Containing the real and apparent Motions of 
the Beavenly BODIES, 

With an Attempt to account for ihcPbanomena 
of the COMETS TAILS, 

After a new Manner. 



^^^m'^fmmmmmfm^ 



By J. KOWNING, M, A. 

Reftor of Anderby in Lincolnshire, and late 
Fellow of Magdalen College in Cambridoe^ 



^f 



LONDON: 

'Pmttd for Sam. Harding Bookfellerj on the 

Pavement in St. MartW% JLane^ 

Mdccxlii. 

( Priqc Two $bilUngs. ) 



,.»> 






?. '■ ' ( 



c zi T o ,-: fl-'i/; 

o; . ;;' ::- :.<0 



- • r M* r" 



/. ^ 



I/i o "► 









*- V i- Vi V 






• < <.' 



'.i } 



• r 



^ T 









' V. . /.o'.:> 



4^ < ' 



.> 



•» / 



• • • * 



> *. 












O A 



• 



c 



I . . . » * 



>. I 



ft « 



J •% y •. 






• -T 



" ' " y 



Compendious System 

OF 

- • * • 

Natural Philofophy^ 



P A Jl T IV.. . 

A S T Tl O N 6 M Y, ' 



rhe INTRODUCTION. 

THE Science of Aftrontmy may be 
diftiBguifhed into two Parts, the one 
relating to the Motion of the heaven- 
ly Bodies^ as they really are in themfelvcsj 
the other as they appear to a Speftator upon 
the Surface of the Earth : and thefe two are 
frequently the . very Reverfe of each other ; 
that Body appearing to move Wefterly^ which 
in reality at the fame time moves Eajlerly j 
and that ieeming to tend towards the North, 
which is {landing flill, or haftening towards 
the South : and the contrary. And becaufe 

A th« 
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the apparent Motions of theie Bodies depend 
upon their real ones, the Order I (hall proceed 
in^ (hall be firft to lay down their real Motions^ 
and then to (how hbw <he apparent oae^ 
arife therefrom. But fince tne generality 
of People are apt to form their Ju(%ment 
by their Senfes only, and are loath to ima- 
gine- Things different Irom what they ap- 
pear to be, to prepare fach Readers fw a 
more eafy Reception of what follows, it may 
not be amHs to premife the following Particulars 
by way of IntrbduStiofL 

I. Let us imagine only one great Body in 
the Univerfe, plac'd in ^e midft of infinite 
Space, like a Ball in the Air ; and then en*- 
quire whether of the two following Suppofiti- 
ons has the greater Probability on its Si^ ; 
viz. That this Body will continue in its Place; 
w that it will not/ 

In perfuance of tMs Inquiry, pertetps it may 
he argued thus^ Whertes no So£es on which 
we can make tryai are obfcrved te ooWtitme ife 
dieir Places \^thout a Support, nei^ier will 
-rfiis Body remain ki the Hade 4t is ptft, hvk 
will immediately ^fefcend, as it virere, towards 
Ae lowM- Regions of Space. 

This Aigamcait is founded upon the Obfen- 
vation of Bodies Ming to me Ground ft* 
want of fupport, whkh is hot a paralld Cafe. 
tFor to jSiy the teaft feat may be, we taimitit 
L be 
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be fura bat diat the Eairdi hfblf may be the 
Cauib ^y Bodies defceod towards it ; as tho 
Loadftope is the Cauie why Steel af^uroaches 
it when ^aced ^thin a certain £>iftance from 
it. And if io^ then for any thing that ap-- 
peats from hence to the contrary, this Body» 
being ^ only one in the Univeiie, may rers 
main in its Place without a Support. In fkort, 
the Argument is juft as if one ihoidd reaioD 
&11S : It has never yet been obferved^ but that 
Steel when placed at a fmall Diftance below a 
Loadftone will afcend upwards ; therelc»ip by 
Jhirity of Reaibn, if all me Bodies in the Uni-r 
vepfe were transformed into a Ma&of Steel| 
and placed alone in die midft of infinite Spaco» 
that Mafs would afcend. The Fallacy qf which 
iltty of arguinff is fufiiciently apparent. 

There i& a much greater Probafa^ity of Truth 
In the pppofite Way^^ and it is vcmcz ra^nal 
to argu^ thus t By all the Experiments and 
Obfervations made upon Bodies> it does n<St: 
appear, that any ever moves out of its Placo, 
unleft impelled by fbme other; or when it 
moves towards another, as in the Caie of Boo- 
dles falling Cowards die Earth, or of Ste^l 
tending towards the Loadftone. Now the Load- 
ftone is certainly fome way or other die camfe 
why the Steel tends to^rards it, and therefore 
(^ Parity of Reafon)in all ProbabtUty. the 
Earth \^ feme way or x)thfir the Cauie> why 
^Bod|^ af^ difpq^ to mpve towasds it : %m 

A a if 
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if io^ then fuppofing all the Bodies in the. 
Univerfe to be cx>lloacd into one, it would 
moft likely continue where it was put, with- 
out requiring any thing to fupport it, as hav- 
ing nothing which might impeU it any way, or 
towards which it might move. This, I fay, 
being the moft natural and eafy Deduftion 
we can make in this Cafe, feems to have the 
greater Probability on its Slide. And farther, . 

IL Since there are no Bodies, we can make 
Tryal upon, but what are diipofed to move to- 
wards fome other Body, as Bodies towards the 
Earth, or Steel toward the Loadftone, it is moft 
probable that the feveral Bodies whereof the 
Univerfe confifts, would iall move towards one 
another, if not obftrudted. 

III. Let us fuppofe all the Bodies in the Unir 
verfe to be united in one, and that Body to 
-be put into Motion. Now whereas upon that 
Suppofition there is nothing which may ft<^ or 
dcftroy its Motion, it does not appear that.it 
would ever ftand ftill, or lofe the leaft Part 
of it. For by all the Experiments we cam 
make upon the Bodies about us, there are 
none which, when put into Motion, can be 
flopped without fome Force applied to thenn 
for that Purpofe. They vriSS. feem indeed to 
ftop of tliemfelves, which is always, owing 
to fome Impediment. Accordingly it is founds 
that the lefs Reiiftance . or Rul^ Bodies meet 
within their Way, the longer they continue 

their 
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Motionf'tf;^. Whence we may infer, that 
this Body once put into Motion, would ever 
continue in that State('^j. 

IV, Let us now fuppofe that all the Bodies 
in the Univerfb are comprifed in two, the one 
of which let us imagine to be immenfely great- 
er than the other* Thcfe Bodies, if not ob- 
ilrudled, will (agreeably to the Conclufion made 
in Sedion IL) approach towards each other ; 
but becauie a Httie one requires proportiona- 
bly lefs FcM-ce to put it into Motion than a 
krgcr one, the lefs will be the only one in 
which . the Motion will be fenfible, becaufe 
we have fuppoied the other to be immenfely 
greater, wluch will therefore be fcarcely mov- 
ed out of its Place by the lefs ; juft as it is 
with a Loadflone and a Piece of Steel hung 
up by two Strings near one another ; if the 
Steel be mudi Icis than the Loadflone, it 
ihall move almoft all the Way towards the 
Loadftone, while that fhall fcarce ftir out of its 
Place ; but if the Steel much exceeds the 
Loadftone in Bulk and Weight, the Loadftone 
ihall then move to the . Steel, and not the 
Steel to the Loadftone, as in the other Cafe.- 
This being granted, 

Let u& conceive the leis Body to have a 
fwift Motion . given it in a , Direi^ion parallel 
to the Surface of the larger Body. This 

(a) See Part h Chap. IV. 
' (b)'itt more m Confirmation of- this, 'Part !• Chap. IV- 

: I . . Motion 



$ 71^ INTRODUGTIOR 

Motion win in fbme Medbre pr^ent its m^ 
preaching to tliat Body , and the greater the Ve« 
iocity is that is thus given to it^ ^ longer witt 
th/e Time of its Approach be protracSxd there^ 
by, and the greater Space it will nK)ve oveif 
before it comes to the Body. The Vebcity 
therefore which is thus given to it, may ho 
£b adjufted to the Degree of Tendency it has 
towards the other Body, that it (hall moTO 
quite round it without ever touching it, M* 
turning to the &me Place where it was when 
the Motion was at iirft given it. In this O^fit 
if it meets with no Oppofition, it will move 
round it in the &me Padi over and over s^aio; 
not unlike to a Stone whirPd round ih^ Hand 
in a Slmgfc)^ And as a frnaller Body may 
continually move round a larger in this Man*^ 
ner, iq may ieveral lefs ones move round ibc 
ian^e larger one at the fame Time, provided 
the EXftances of the lefs ones from each o*. 
ther be fo great, that their mutual Tenden^ 
cies towards each other do not difturb their 
Mc(donB(iiJ. 

This is the Cafe of thc^ Planets and Comets 
with refpe£t to liie Suq, which is a Body im*- 
menfely greater than any of ^efn, placed as 
it were in the midfi: of an infinite Space, and 

- 

(fJSecthuM]smim^xc ^t large and tJluiSiiate^, ?^h 
Chap. VIII. 

(dJFor the fameReafon that the (pffn^ fyaikjf p^ss fend 
towands the lar^, they will alTo tei)4 9^ tQVWds ^mp^^er, 
JH»t with kfs Farce in Proportiou to their S]aallhd&* 

round 



r 
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round which they pecfonn ih«if re(pe<%te Re^ 

As to what we isJl tile Sfy^ ia whidi 

/die Etea;7eBly Bodies &em as it yfctt fixed; 

it is no real Sobftaace^ but iiidreei]i|3it}r Space. 

The lbea£m why It appears to hea Sub(binoc;i 

is as £3iUqws. W^ there no Atnxyfybttc fvar^ 

cdundii^ the EMh(fJ, wkife Partides cii^ 

lefied other Rays of Lig^ to our £|rbs» tma 

dio& whdch come dire(9iy from the San^ all 

Baits of the Heavenfi^ cvefi m ifib^ of Sui^ 

fliine, would be quite dark; and the Start 

would be vifible at Noon-day (g). But fincc 

{e) Tbis l)oarine bring aMom^, m may te 4ib P6ffibili> 

t)rlof ' the iETarth t^tfing habitable quite roiud : jbr if fiodiii 
^UdC itfpdM ^.«b6Ve:aii)r eUt^i^vtrife thud as they tend to« 
wartU Xfioie other, tbire^ctli %e -no nioiv ^Bsmgu 6f Odr j^if- 
/o^f J felling from the ISarth, than thore is oif our riiii^ faf 
into the Air» And as to theh* wadkiHg with their Head dowir- 
mrds -witiitdpdi to m^ (theft is iitiliher kicolmrenietice, nor 
leemKQg. Odnei^ ta them tn thtt ; Ibr fi§^ ihme Ffpt aif tvm- 
tfd; towards the Sur&ce of the Earth en which th^ walk, as 
^MJl to buisalife ; ttiid%^n%, 'fiiicelsbth tfab Havens ism^ite 
Au4h^ ^4udi>aie:the on)y'i1iiti^ib«|r tarn Judge of fheirS^euIr 
tion from^ have the^ame Poiitian with re^^ to %heMr^fliM» 
^en'they 'ftahd or 'w^lk# ^that 'they have to us in the like 
43ifii» liitk ^BoMcki catmcfc 4b4em >ttthe<Mrlle to thm than oars 
does tt*«&; £»r« Ifan oaao^ teU which tsvy his Feet 'fire 
Ifiirned, any otherwise than as *his Judgment is direfbed far 
lflie>Tluiigs >ab0ftt^hifn; juft as one cannot difiinguifh North 
from South in a ftrange Place, without laCMipa^, or 
rither the Sun or Stars. 

(/) See the Nature and Confiitution of the Atmofphere 
.,)lailB4 ^^ II. Chap. III. 

(^^ Sec Chap. XIII. 
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the Atmofphere of the Earth abounds ^th 
Particles capable of reflcdting Light every way, 
fome of it will fall upon our Eyes, to what- 
ever Part of the Heavens they are direfted. 
This Light, as all other, gives lis the Idea of 
fome Colour : having an Impreffion of Colour 
upon our Minds, our Imagination prefents us 
with a Subftance for it to inhere in, Juft as wheii 
a Man views an Objedt in a Glafs, the Light 
regularly refledted, gives him an Idea of the 
Colours of that Objedt duly ranged ; but it 
is his Imagination that forms the Image he thinks 
he fees. 

Thus much by way of IntrpdudHpn ; which 
mufl not be underftood as containing all thp 
Reafons for thefe Things ; but only as tend^ 
ing to fhew the Poffibility, and in fome De- 
gree the Probability of them. 

That which will be delivered afterwards, 
when we treat of the Phyfical Caufes of the 
Motions of the Heavenly Bodies will fet this 
Dodtrine in a clearer Light, and abundantly 
evince the Reafonablenefs of it. Proceed wc 
in the mean time to confider the Order thcfc 
Bodies move in, and their refpeftive Diftancea. 
from the Sun, which makes the Subjed of 
the firft Chapter. 

CHAP. 
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CHAP. I 

Of the Bodies which compofe the Solar 
Syftem, and their real Motions. 

THE Sun IS a Body of prodigious Mag- 
nitude, fituatcd in the raidft of an un- 
bounded Space, and the Fountain of Light 
and Heat to a certain Number of Planets and 
Comets, which continually move found it (a) : 
all thefe taken together make up what is call- 
ed the Solar Syjiem. 

The Planets arc in number (ixteen, fix of 
which are called Primary ones ; the other ten 
are diftinguifhed by the Names of Secondary 
ones, Moom^ or Satellites. 

The Primary Planets are Mercury y Venus ^ 
the Earthy Mars^ Jupiter and Saturn. They 
revolve about the Sun at different Difknces£rom 
it, moving from Weft to Eaft (b)^ in Orbits {c) 

B nearly 

(a) T^ San itfelf i» not abfolately at Reft» but is fubjea to 
a very fmall Degree of Motion, which {hall* be coniider*d 
when we treat of the Phyfical Caufes of the Motions of the 
Heavenly Bodies. 

(b) When any of the Heavenly Bodies arc faid by Aftrono- 
mlcal Writers to move from Weil to Eaft, or from EaJd to V/eft, 
it is always to |;»e anderftood by way of the South. So that 
by the latter Ej^preffion is meant the fame Way that the Sun 
appears to move in its daily Courfe, by the former is intend- 
ed the contrary. 

(c^ By the Orbit of a Planet is meant the Mfay or Path it 
deicribes in moving round the Sun. 
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nearly circular, having the Center of the Sua 
diredtly within each of them, and nearly in the 
Middle 5 and they are not coincident one with 
another, but every one has about one Half a 
little above, and the other Half a little below 
each of the reft. Or, to exprcfs it in the com- 
mon Way, the Planes (d) of their Orbits pafs 
through the Center of the Sun, and are fo fi- 
tuated, that they make but fmall Angles with 
each other. 

Figure the firft reprefents the Solar Syjlenty 
wherein the Point S is defigned to denote the 
Center of the Sun ; the Circle A B the' Or- 
bit or. Path, which the neareft Planet Mercury 
defcribes in moving round it j CD, that in 
which Venus moves j FG, the Orbit of the 
Earth ; H K, that of Mars ; LN, that of Ju-^ 
flier ; and OP, that of Saturn (e). Thefe Bo- 
dies, as they move round the Sun at very dif- 
ferent 

(d)Tht Plane of an Orbit is the Space included therein. 
Tht.Sy if the. Curve Line ADME, in Fig. J L reprefents an 
Orbit, the Surface of the Paper within that Curve, reprefents 
the Plane of that Orbit. Or in other Words, the Plane of the 
Orbit of a Planet is a flat broad Space, out of which the Planet 
never ilrays. 

. {e) That t^e Sun is at Reft, and that the Planets move round 
it as defcribed above, is an Opinion received of old by Phih- 
iaus, Jriftarcbus of Samos^ and the whole Se6t of the Tytba- 
goreanu The Egyptians were early Obfervcrs of the Heavens, 
and from them probably this Notion was received in Greece i the' 
the Notion of the Earth (landing (till in the Center, and the whole 
Heavens revolving round it, was generally received and defended 
till the Time in which Copernicus flour i(hedy <t;/s:. about the Year 
1500, who reftored the ancient Aftronomy, and (hewed in 
fb jd^ar a Maonex how the Appearances of the Heavens might 

bo 
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fcrent Diftanccs, the true Proportion of which 
is nearly reprefented in the Scheme, fo they 
perform their refpedlive Periods in very diffe- 
rent Times ; -u/sj. Mercury in about three 
Months; Venus in about feven and a Half; 
the Earth in a Year ; Mars in about two Years > 
Jupiter in twelve ; and Saturn in not much 
lefe than thirty. And as they differ in their 
Periods, fo they do furprifingly in their Mag- 

B 2 nitudes. 

be accoanted for by it, that it became generally received, 
and from him was called the Copemican Syilem. 

There 'are two other Hypothefes of Note, <vis^. the Ptolemaic 
and the Tichomc. The Ptolemaic is fo called from Ptolevueui 
a Mathematician of Pelujmm in Egypt^ a great Defender of 
this Hypothefis, He fuppofcs the fix*d Stars to be ftuck in 
the Firmament as they appear to the Eye ; the Earth in the 
Center, round which he fuppofes the Moon to revolve ; and 
at greater Diflance, Mercury ; at a greater ftill, P'enus ; at a 
l^ater than this, the Sun ; at a ftill greater, Mars ; then Ju' 
fit en then Saturn; and beyond all, the Firmament with the 
£xed Stars' ; all in the fame Time they appear to move round 
US. This Hypothefis was excellently well adapted to amufe the 
Vulgar, the Motions of the Sun and Planets being reprefented 
by it much after the fame Manner as they appear to Senfe. 
&it fince by the Help of Telefcopes it has been difcover*d, 
that Venus puts on difierent Pbafes^ like the Moon, the Reafon 
of which will be (hewn in Chap. VI. this Hypotbefo is entirely 
laid afide, as inconfiftent therewith. 

The Tychonic Hypotbejis has its Napie from Tycbo Brabe, a 
Danifi Nobleman. This Philofopher fuppofes that the Earth 
Hands ftill, and that as the Sun moves round the Earth, the 
Planets move round that, juft as the Secondaries move round 
their Primaries in the Solar Syftem laid down above. There 
is another Hypotbefis called the Semitycbonic, and differs from 
the former only in this ; that whereas that makes the Earth 
ftand dill, and the Sun with the Planets to move round it 
erery Day ; this gives the Earth a diurnal Motion round its 
^^s, and only fuppoifes the Sun with the Planets revolving 
about it> to move round the Earth once a Year. 
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mtudes. For fuppofing the Circumference of 
the Sun to be reprefented by a Circle c£ ten 
Inches in Diameter, the feveral Circles Q^^V, 
W,X,Y,Z, would nearly exprefe thofe of the 
Planets Mercury^ Venus, the Earfhy Mars, 
Jupiter^ and Saturn refpe^Uvely (f), 

Thefe Planets have no Light of their own j 
for when viewed through a Telefcope, the Side 
only next the Sun is obferved to be enlighten'd. 
They are alfo of the Form of a Globe ; for 
one Edge of the fhining Part fometimes ap- 
pears hollow, fometimes ftrait, and fometimes 
convex, according as the Planet is fituated with 
regard to the Spetliator and the Sun ; which it 
couldnot do, unlefs they were of that Form^^^. 

Farther, the Planets do not only move a-. 
bout the Sun, as we have obferved, but turn alfo 
about their own j^xes (h) at the iame Time, 

and 

ff) Their Magnitudes, Diftances, Times of RevoRitian, with 
tlieir Rotation about their Axes, are more accurately cxprds'd 
ID die feJIowiug Table. 





Diamrteo 


Kft. from the 


PeiLci 


Cl 




inEnglifli 


Sun in Eoglilh 






MUo. 


Mile.. 


Dayi 


I- 


The Sob 


763.460. 








Mertury 


4,140 


Jl,OO0,O00 


87 




VCDM 


79,06 


S9,ooo,ooo 


'»4 




The Earth 


71970 


81,000,000 


36^ 




Man. 


4.444 


115,000,000 


iS6 




Smim 


8". "55 


4i4,cco,ooo 


4.53» 




67.870 


777,=oo,ooo 


"0.759 





w; *4 
9! " 

17 1 i< 



^jrJSeethe Reafon why one Edge of the fhining Part of a, 
rounB'Body appearsfomeljmes Itrait, Sometimes hollow, fomc.r 
times convex, largely ej^Uined Chap. VI. 

ChJ By the turning of a Planet about its.>^'i i» mGaot. ii^ nniT 

ing abpiit suiy two Points iii its Sur&cc that are oppofite to one 

wwtken 
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and the fame Way thcv do about the Sun, 
viz. from Weft to Eait. As the former of 
thefe is generally compared to Ae revolving 
of a Stone in a Sling about the Hand, this lat- 
ter nuy be compared to the ipinning of a Top 
or the turning of a Wheel upon its Axle-tree, 
The Sun itfelf is not exempt from a Motion 
of this latter Kind. 

This Motion of the Sun and fome of the 
Planets about their jixes is difcoverable by cer- 
tain Spots, or diftinguifhable Parts on their Sur- 
faces ; which appearing firft on one Extremity 
of their Diflcs^/^^ do by Degrees come forwards 
towards the Middle, and fo pafs on till they 
reach the oppofite Edge thereof , where they dif- 
aj^)ear ; and after they have lain hid about 
the fame fpac^ of Time that they continued 
vifible, they appear again as at firft. By the 
Motion of thefe Spots paffing in a right Line 
over the Diik of a Planet, or rifing upwards 
one Half of the Way^ and defcendmg the o- 

ther 



another ; and an imaginary Line iUppoTed to be drawn through 
the Planet ^m one of thofe Points to the other, is, while the 
Planet moves about thofe two Points, called its Axis, Thus if 
the Reader holds a Ball between his Finger and Thumb, and 
turns it round, a Line fuppo(ed to pafs through it from Finger 
to. Thumb, will in Affaionomical Language be the Jxis of that 
Ball. And if he takes it up by two other Points, and turns it, then 
will a Line pafling throueh thofe other Points become its Axis, 
(i) This IS a Term i£d by Aftronomers for the Face of the 
Sun, Moon, or other Heavenly Body, when it is confidered 
as a fiat round Surface, as it appears to be: and the Breadth 
of it is conceived to be divided into twelve equal Parts, whick 
they call Digits. 
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ther Half, the Situation of the Planet's Axis^ 
about which it turns with rcfpeft to us, is evi- 
d^itly difcovered. Thcfe Spots arc very vifible 
on the Surface of the Sun, Fem^y Mars and 
yupifer; but by rcafim of the Ncamcfs of Mer- 
cury to the Sun, and the great Diftance of .5^- 
turn from us> no Obfervations have been made 
that could difcovcr any Spots in them, fb 
that it is uncertain whether the& Bodies re- 
voh^ about their jixes or not. As to die 
reft, the Times in which they thus revolve is 
exprefled above in Note (fj in page 14. and the 
Inclination of their Axes in the Note below 

In Jupiter y befidcs his Spots, there are fo* 
veral broad Spaces running parallel to each o*: 
ther, called his Beks. Thcfe, as alfo his Spots, 
are obferved to undergo feveral Changes, neither 
keeping the fame Magnitude nor I>iftance 
from one another. And fome of his Spots have 
appeared only for a Time. 

As to the Spots of the Sun, they are fub- 
jedt to much greater Variety of Changes. New 
ones appear, and old ♦ ones vanifh, others- fac- 
ceeding in their Room 5 feveral finaller ones 
nui together, and form one larger ; and krg*^ 

er 

(i) The Indination of die Axis of tke Sun to the Plane in 
whkh the Earth moves, » feven Degrees, and a half : that 
of Ftfms to the fame Plane fifteen l^grees, according to an 
Ohlervation of Signtor BlancbmVs at Rtrnt in the Year 1 726. 
the Earth's 23 Degrees and 29 Minutes : and Mars and J»- 
fiur^% arc nearly at right Angles with their .owa Qxfaits. 
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cr ones arc fometimcs divided into fmaller (l)^ 
However, fevcral have remained on the fame 
Part of its Body long enough to determine the 
Time of its Motion about its Axis. Sec 
Note (f) in page 14. 

In the Beginning of this Chapter it was 
obferved, that the Planets move round the 
Sun in Orbits nearly circular, and in f^lanes 
crofling each other in fuch Manner, as to make 
very fmall Angles with each other. As to 
the Form of their Orbits, they are Ellipfes {m)^ 
having one of their Foci (n) in the Center of 
the Sun, They differ very little from Circles, 
or to ipeak properly, their Exceiftricities (^)bear 

a very 

(l) We learn from Hiftory, that tke Sun has wanted its ufaal 
Brightnefs^ fhining with a dim and obTcure Light for a Year 
together. This was probably owing to its being in a great 
Measure covered with Spots; for now there are fometiiiies 
Spots &en upon it, that are larger than the Surface of the whole 
Earth. 

(m) An Ellipfe is a Figure like an Oval ; bat ilridtly fpeak-^ 
ing, a Geometrical Curve, made by the tranverfe Sedion of a 
Cone or a Cylinder. But the Nature of it may be under- 
Hood from the following Defcription. Stick up two Pins at F 
and G (Fig. 2.) over which put a Thread, both Ends being 
tied together ; then with a third Pin at P, within the Thread, 
keeping it upon the Stretch, dcfcribe the Curve ADBE, which 
is an Ellipfe. And if we make Ufe of the fame Thread, 
bat increa& or diminifh the Diftance between the Pins, the 
Figure defcribed will ftill be an Ellipfe, though of a different 
Kind. And when the Pins are brought dofe together, the 
Figure deicribed degenerates into a Circle. 

(n) The Points F and G where the Pins were fixed, arc called 
the Foci of the Ellipie, and the middle Point between them 
the Center. 

("0^ The Dlftance between the Center and ei^ierof the Foci 
» ^t E;c(tntrici/y. 
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a very fmall Proportion to their longer^^i (p). 
And as to the fituation in which their Planes 
lie m, it is in all nearly the lame with that 
of the Earth's Orbit. See the Excentricities of 
, their Orbits, and their Inclinations to that of 
the Earth's, in the Notes (q) and (r). 

The Primary Planets arc again diftinguilh- 

ed into two Kinds, wa;. Inferior and Superior ; 

thofe which are nearer the Sun than the Earth 

is, as Mercury and Venus^ are cajled the J»- 

ferior Planets; the others the Superior onts. 

The Secondaries arc conilant Attendants of 
the refpedtive Primary ones to which they be- 
long, revolving round them, while they them- 
felves move round the Sun. Of the Primary 
Planets there are only the three largeft, as far 
as the Obfervations of Aftronomers have been 
able to difcover, that have their Secondaries, 
viz. the Earthy Jupiter^ and Saturn. 

The 

(p) The Line AB, which pafles through the Foci^ and is termi- 
nated at each End in the Ellipfe, is called the longer Axisi 
The Line DE, which paffcs through the Center of the EUipfe 
in a Direflion perpendicular to the former, and is termina- . 
ted by the Sides of the Ellipfe, is the flnirter Axis, 

(fj The Excentricities of the feveral Orbits of the Planets 
areas follow: Suppofing the Diflance of the Earth from the 
Sun looo equal Parts, the Excentricity of Mercur/s Orbit is 
about So fuch ; of that of Fenus 5 ; of that of the Earth 17; 
of Mars 141 j of Jupiter^ 250 ; and the Excentricity of 5^- 
tum\ Orbit 247. 

(r) Their Inclinations are as follows : miz. The Orbit of the 
Planet Mercury is inclined to that of the Earth 6 Degrees, 
54 Minutes ; that of Venus is inclined to it 3 Degrees, 24 
Minutes ; that of Marsy 1 Degree, 5 1 ' Minutes ; that of 7»- 
f iter J but I Degree, 19 Minutes i and that of ^^j^rir, zue^ 
^eesand 33 Minutes. 
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The Earth is attended but by one, which 
is the Moon. This Secondary revolves round ' 
the Earth from Weft to Eaft in 27 Days, 7 
Hours and 43 Minutes, at the Diftance of 
about 60 Semidiameters and an half of the 
Earth from its Center (s) ; and performs its 
Rotation about its Axis, which is nearly per- 
pendicular to the Plane of the Earth's Mo- 
tion, in the fame Time and the fame Way 
diat it revolves about the Earth. 

The Planet Jupiter has four Moons, which 
revolve about it at different Diftances and^ 
in different Times. The innermoft performs 
its Revolution in about one Day and eighteen 
Hours, nearly at the Diftance of fix Semidia- 
meters of Jupiter from its Center 5 the fe* 
cond revolves about it in about three Days and 
an Half, at the Diftance of about nine fuch 
Semidiameters ; the third in about feven Days, 
at the Diftance of 14 Semidiameters ; the 
fourth and outermoft Satellite requires almoft 
17 Days to perform its Courfe •in,and isdiftant 
from its Center 25 Semidiameters nt2x\y(t). 

D Saturn 



(s) The Exccntricity of the Moon's Orbit isaboat 3,3 of the 
Semidiameter of the Earth ; and its Inclination to that of the 
Earth is 5 Degrees and 18 Minutes. The Reafon that the 
Moon appears lo larger and to oatihine all the other Planets^ 
both Primary and Secondary, is becaufe of the Smallnefs ef its 
Difbmce fit>tn us in refped of theirs ; for had it been as far 
removed from us as fome of them, it had never been feea 
at all by us. 

(t) More accurately as in the following Table. 

Sat«ll; 
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Sdtum has no kis tbaa five Satellites : The 
firft aad innerixioft revolves about it in one 
Day and 21 Hoors^ at the diftance ti about 

5 Semidiameters and an faalf of Saturn from 
its Center ; the Second performs its Courie in 
two Days aud 17 Hours^ at the Diftance of 

6 Semictiameteis and a Charter ; the Third in 
about 4 Days ajfltd an half, and is diftant fron% 
k about 8 Senudiameters and 3 Quarters j^ 
the fourth conopleats its Period in about 16 
Pays, at the Dklance of 20 Senaidiameters ; 
the fifth and ootermofl: requires above 79 Daya 
to perform a Revdution in, and is 59 Soni^ 
diameters of Satmyi di^nt from its Centtrfu); 

, Thefe Satellitea,, as alfo thofe of Jtipiter^ 
perform their Revoktions about dieir Prkna^ 
^ frcxn Weft to Eaft, as their Primaries da 
^bout the Son. 

The Orbits of its fixondary Pknets are 
fxjffcfled in Fig, I. by the pricked Circles 5 
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^ ) More accunrtdy as in the Mowing Table. 



Sotdl. Penodi€alTiine8. 



I 

2 

3 

4 
S 



D 

I 

2 

4 
"5 

79 



H 

ai 

?7 

12 
22 

07 



M. 

iS 

4» 

4» 
48 



S- 

«7 

22 
12 

«4 

o 



Dift. in Sam. of 

2,10 
2,6^ 

3*7$ 
^,7<> 



viz. diat of die Moon at £, didfe of the Sa- 
idikes of y^ter at I; unA fhak tJi SMtMrm 
atTs the Centers of die Eartk^ Jfipi^ mi 
Saturn bdog fiippolcd to be in the FbintsE, 
I, andT refpeftivcly. 

As to the Orbits of die Satellites of 7t^« 
tir and Saturn^ A^ronomers have not obferw 
ed that they diflfer firom Circles ; and whe<» 
ther thde Secondaries revolve round their Axti 
or not^ has alfi> not been diicovcred {xj. 

The Secondaries are alio Bodies having no 
Light of dieir own, being observed. to bee^ 
clipfed as oft as they ^ oiter the Shadows of 
tHaik Pnmanes. 

Befides its Satellites, Saturn is alfo encom« 
pfledwith a flat broad Ring, not unlike die 
Verge of an Hat, but it no where touches di« 
Body of Saturn, the Space between it and 
Saturn being equal to the Breadth of the Rim. 
The Diameter of the Ring, meafuring acrofi 
from one Outfide to the other, is to me Dia«« 
meter of Saturn's Body as 7 to 3 (y). 

The Form c£ the Ring encompailing the 
Body of Saturn^ is cxprcfe'd in Fig. I. at RR* 

The 

f ;p7Thc Dibits of Jupitei^t Satdiites lie tlmoft in the ftme 
nane in which Jufitir himfelf moves roand the Sun i bat 
thofe of Satum defcribe their Orhhs nearly in the Plane of the 
Ring produced, except the fifth, tfi^ Situation of whofe Orbit 
deviates a litde therefrom. See the Inclination of the Ring in 
the next Note. 

(j) TheRingy according to IMbs^Rxmir^ PicarJgjiA Hugentp 
& indined to the Orbit of die £ardi 31 Degrees: Bat Dr. 
HalUy afBrms-it to be nearly parallel to the Plane of the 
Earth's Equator* 
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« 

• 

The Comets revolve alio round the Sun 
in Orbits, whpfe Planes pafs through its Center; 
but they are not confined to any particular 
Direction, as the Planets are, fome moving one 
Way, and fbme another : their Orbits are of a 
very elliptical or oval Form, fo that their 
Lengths vaflly exceed their Breadths ; and they 
lie not nearly in the fame Plane, like thofe of 
die Planets, but admit of any Inclination to 
one another. But more of thefe in another 
Place(z). A Portion of the Orbit of a Comet 
is exprefled in Fig. I. at abed (tf). 

Thofe 



(«)Chap. XL 

(fl>Thc Qaim which the Syftem here laid down has to a 
l^refcrcncc to all others, will appear from the following Confi- 
deration!. 

J. The Planet Venus moves round the Sun, and not round 
the Earth. For through a Telefcope it fome times appears with 
a bright and ' round Face like the full Moon, and fometimes 
horned like the new Moon ; (fee Chap. VI.) and when it ap- 
pear fiill, it is feen near the Body of the Sun, as well as when 
It appears horned : which things could not be, did it move 
either round the Earth alone, or round neither the Sun nor 
the Earth. For did it move round the Earth alone, or round 
both the Sun and the Earth, it muft be feen fometimes in 
that Part of the Heavens which is oppofite to the Sun. Did 
it move round neither the Sun nor the Earth, it could not ap- 
pear both honied and full when it is feen near the Body of the 
Sun : it remains therefore, that it revolves round the Sun, and 
not round the Earth. Its Orbit therefore, agreeably to the 
abovementioned Syilem, includes the Sun, and is within the 
Orbit of the Earth. 

II. In like Manner we are affured, that Mercury tarns 
T6und the Sun in a leffer Orbit than that of Venus ; becaufe 
it puts on the fame Phafes with Venus, and is never feen fo&r 
from the Sun as that Planet is. 

Ill; 
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Thoie bri^tand fhining Bodies, which be^ 
fides the Planets and Cbmets are difperfed 

every 

> in. Tlie Orbit of Mars includes both the Earth and the 
Sun ; and the Earth is not in the Center thereof. For this 
Ranct is capable of appearing oppofke to, or in any other 
Situation in ttffe& of the Sun, which it could not be, unlels 
it moved round the Earth ; and it always appears full, or near-, 
ly fo ; which it could not do if it ever came between the 
San and the Earth : it moves therefore alfo round the Sun. 
And farther, when Mart is in the oppoiite Part of the Hea- 
vens to the Sun, it appears about &ve times larger than when 
it is near the Sun ; which fhews that it is fo many times nearer 
the Earth in one Situation than in the other : the Earth there- 
fore is not in the Center of its Motion. All which is agree* 
able to the Syflem above laid down 

IV. Since the like isobfervable both of yt^iter znd Saturn^ 
(though, by Reafon of their greater Diftance from the Son and 
us, the Diverfity in their apparent Magnitudes in different Parti 
of their Orbits is not fo great as in Mars) ' it is reafonable 
to conclude, that thefe Planets alfo have both the Earth and 
the Sun within their Orbits, and that rather the Sun dian 
the Earth is in the Center of the fame. 

V. Since then the Earth is placed within the Orbits of the 
Pknets Marsy Jt^ter^ and Saturn^ thefe Planets cannot ap« 
pear to us to ftand ftill or to go backward, as Obfervation ihews 
they ibmetimes do appear, unlefs the Earth moves : and fince, 
as we have fhewn, the Planets Finus and Mercury revolve about 
the Sun, and not about the Earth ; fmce likewife the Earth 
is placed between the Orbits of Mars and fenus^ and the Pe- 
riodical .Time of the Earth, if it does move, is, in point of 
Magnitude, between the Periodical Times of thofe two, it 
has 'been thought reaibnable to fuppofe that the Earth revolves 
in like Manner about the Sun, as the Planets do, and is there- 
fore reckoned in the Number of them. 

VI. But what wonderfully confirms this Condufion, is, that 
Harmony which upon this Snppoiition runs through the whole 
"Solar Syjfemi ntix, that the Motions of all the Planets, both 
Primary and Secondary, are governed and regulated by one 

' and the fame Law; which is, that /i&^ Squaresof the Periodical 
Times of the Primary Planets are to each Other, as the Cubes 
of their Dijlauces from the Sim i and likewife the Squares of 
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evay where dirimghout the Heavens, are the 
JSxeJ Stars. They are tctmedJbceJ^ becaiiie 
they are obferved to keep the fame Diftances 
from each other in all Ages^ having no Mo- 
tion like that of the Planets or Comets. They 
are far removed out of the Solar Syjltm^ and 
ihali therefore be confidored in a Chapter by 
themfelves« 

ibi peHmiical Times §f the SemuUrus §f mtf frimmrf mrt Xm 
etch other, as tbi Cubes of tbiir DiJUmat from that Prinuuy. 
Now the MboB, which in the Syftem above hid down is a Se« 
coadary of the Eaith, in the od&er Hypothefei it a primary 
One; andib the Rule cannot take Place ; beca«& her Pcpio* 
dical Time, coniidered as that of a Primary one» does not agree 
therewith. Whereas aceofding to the other Suppoiiti<my the 
Motions of the Heavenly Bodies, as we fliall fe« in its pitH 
per Place, are tt> be accomited for with the greateft Simpli^ 
city ; and a regular and beautiful Fabrick is thereby exhibited^ 
WKMthy its divine Architeft. 

. By the Square of the periodical Time of t Planet is meant 
the Time it takes up in revolving about the Sun, or about its 
Primary, multiplied by itfelf Oer# ; and by the Cube of its Dif- 
tance, is meant its Di fta n e e multiplied by itielf Twee. Thai 
if the Time a Planet moves once round its Orbit in* be y$ 
Yean, then 30 times 30 is t)i/t Square oi its periodicjl Time: 
and if the Diaance of a primary Planet from the Sun, or-of t 
Secondary ^m its Primary, be 81 Millions of Miles, then 
Si MillioB multiplied by 81 Million, and that again by 81 
Miltien, will expfofi the Cube of the Diftanee of tiiat Planet. 
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Of the filed Stars. 

T^HE^ccfi 5/tfrj arethofe bright flim- 
J^ ing Bodies, which^bcfides the Pknetsand 
C^ets, are dii^)eried throughout the Hca- 
?eDS : they are termed fixed, as appearing 
alwa5^at the ikme iMance from eac&%Dicr, 

It IS obiervableof the^xr^iS/tfr^, that, when 
viewed through a Tekicope, they appear only 
as mere Pcunts deftitute q£ all ienubte Mag- 
nitnde. This isiuppoied to be owingtothor 
very great Diftance from ns. That they ap- 
pear larger to the naked Bye than with a 
Teleicope) is aicribed to that Irradiation or 
Brightnefs which is obierved to furround (hin- 
iDg Bodies when feen in the Dark, and which 
Ae Telefcope takes off (i^). 

From their ihkiag with fo ftrong and fpark^ 
ling aLight, when at the fame Time they are 
ib far off that through a Tekicope diey ap- 
pear as mere Pomts^ is inferr'd^ that they fhine 

with 

(al Tbat the Stars would appear of no feafibfe Magnitude X» 
ioit naked Eye, were it ndtfor that Irradiation or ftlghtneli 
mcntioiittt abov9« is confinsed from' their being obfiimd t» 
tmnnkk\ which the Planeti and other Bodies of fenfibleMag- 
tutude do not. The Reafon of their twnkling is, that the leaA 
Particle of Dafi or Vapour paffing between the Eye and them 
is captbkof wtirnrprmg their kffjfmmM tot aTidM, uHlich 
Iplargar fiodia it is not^ 
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with their own proper and unborrowed Light : 
for if they borrowed thfcir Light, they would 
be invifiblc to the naked Eye, fince the Satel- 
lites of Jupiter and Saturn^ which appear of 
very diftinguiflhable Magnitudes through a 
Telefcope, are fo. 

There is another remarkable Circumftancc 
relating to the ftarry Heavens ; that the bet- 
ter Tdefcopes we make ufc of, the more Stars 
appear : from whence it is thought, that all 
thefe fixed Stars are not placed at equal Dif- 
tances from us, but that they are every where 
interiperfed at great Diftances beyond one an- 
other throughout the Univerfe 5 and that pro- 
bably the different Appearances which they 
make in point of Splendor and Magnitude 
may be rather owing to their various Diftances 
from us, than to any Difference in their Mag- 
nitudes. 

The Diftance of the nczvcO: fixed Star is 
computed to be at leaft 500 thoufand Mil- 
lions of Miles from us ;. and their Magnitude is 
judged to be fuch, that if they were as near 
us as the Sun is, tfiey would not appear un- 
like it (^). 

Their appearing under various Magnitudes 
has given Occafion to a Diftribution of them 
into feveral Orders or Claffes: thofe which 
appear largeft, arc called Stars of the firjt 

Magnitude^ 

(h) The Method of computing the Diftance of thcficed Start^ 
IS (hewn in Chap. V. ^ ' 
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Magnitude ; thoie which are nearefl to them 
in Luftre are reckoned of die fecond Magni'^ 
Aide \ and fo on, till we come to the lead otars 
that are vifible to the naked Eye, whkh con- 
ftitute the lafl: Clafs, and are faid to be of 
thc/AT^A Magnitude. Forfuch as arc to befecn 
only by the help of a Telefcope, are not in-* 
eluded in thofe &t Claires, but are difiin- 
goidied by , the Name of Tile/topic Stars j 
the DiftriDution of the Stars into Claffes being 
made long, before the TeJefi:0pic ones were, 
difcovered. But we are not to underftaftd 
feom hcbcc, that all the Stars which are vifi-* 
fele to the naked .Eye, are reducible to fortit 
one K^ thefe Claffes precifely } for there ar* 
ibarcely two Stars to be found exactly of the 
&me Size : they are only to be ranked in that 
Oafs to which thtir Magnitude and Luftre 
gives them the jufteft Claim. 

There is alfo another DiftributJon of the 
Stars into Conftellations. The Ancients, that 
they might the better diftinguifti the Stars with 
jiegard to their Situation in the Heavens, divided 
them into feveral Aflerifms or Conftellations^ 
that is, Syftems of Stars, eich Syftcm con- 
fining of fuch as are near each other. And to 
^iiftingoifli thefe Syftems from one another^ 
they ^vc them the Names of fuch Men or 
Things as they fancied the Space they took 
up in the Heavens reprefented, or of thofc 
ip^iofe Mcufiories, in Confideratbn of fome no- 

E table 
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table Exploit, they had a Mind to tranfmit to 
future Ages. 

Befides the Stars contained within thefe Con- 
ftellations, there are fome others, which for 
that Reafon are called Informes. Of thefe the 
later Aftronomers have made fome new Con- 
ilellations. 

. .There is alfo a Divifion of the Heavens in- 
to three Parts j viz. i . The Zodiac ^ or that 
Portion of the Heavens in which the Planets 
would appear to move to an Eye placed in 
the Sun. The Breadth of this Space depends 
on the Inclination of the Orbits in which the 
planets move to one another^and includes twelve 
Condellations, commonly called the Signs of the 
Zodiac^ viz.ArieSy laurus^ Gemim\ Cancer^Leo^ 
Virgo, hibra, Scorpio, Sagittarius^ Capricor^ 
nus^ 4quariuXf and Pijces : and becaufe moft 
of thefe are Animals^ that Space is called the 
Zodiac. 2. All that Region of the Heavens 
which lies on the North Side the Zodiac i 
which contains twenty-one Conftellations : and 
3 . That on the Southern Side, which contains 
fifteen ; 

. There is a remarkable Tradt that goes quite 
round the Heavens, called the Milky Way. 
This Space has a peculiar Whitenefs, occafion'd 
by an infinite Number of fmall Stars therein, 
none of which are to be feen diftindly 
without a Telefcope, yet conipire to render 
that Part of the Heavens, where they are, much 

more 
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mote luminous than the reft. This Trad is 
in fome Parts fingle, in others double fa). 

Notwithftandmg that ieeming Impoilibility 
of numbing the Stars, their relative Situations 
one to another have bten fo carefully obferved 
by Aftronomers, that they have not only been 
able to number them, but even to diilinguifh 
the Places of each in, the Heavens, and that 
with greater Acturacy, than any Geographer 
could ever point out the Situations of the fe- 
yeral Cities or Towns upon the Surface of the 
£arth. And not only the Places of thpfe few, 
if I may call them fo, which are to be feen 

. . E 2 with 

(a)HMginiuSf intke Year 1656, looking by chance througH a 
hrge Telefcope at three fmall Stars very clofe to one ano- 
ther in the Middle of Orion's Sword, faw feveral more as ufaal r 
But three little Stars very near one another, together with four 
larger ones, fhone out as it were through a whicifh Cloud much 
brighter than the ambient Sky ; which being very black and 
ferene, caufed that lucid P^t to appear like an Aperture tha^ 
gave a Profped^ into a brighter Region. He viewed it many 
Times, and found it continued in the very fame Place and of 
the fame Shape. But in the Pbilofiphical TranfaBionSf N^*' ^47. 
there is an Account of a later Difcovery of five more fuch 
lucid Spots, though lefs confiderable than this of Hugctis ; 
the Middle of which, we are there told, is at prefent in II. 
nineteen Degrees, with South Latitude twenty-eight Degrees 
forty-five Minutes ; and that it fends forth a r<)diant Beam into 
the Sottth-EaH; as another in the Girdle of Andromeda feems 
to do in the North-Eaft. It is alfo there remarked, that the' 
thefe Spots are in Appearance but fmall, and moil of them 
but a few Minutes in Diameter, yet lince they ? re among the 
Jixed Stars, as it appears they are by their having no Parallax, 
they cannot fail to occupy Spaces immenfely great, and per- 
Jiaps not Ids than our whole Soiar Syftem : in all which Pla- 
ces, it ihoiUd feem, there is a perpetual uninterrupted Day. 
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with the naked Eye have been pointed ^nx 
and regiftered by them, but even of fudk 
as are ciUfcavcrable only by the Tekfcopc. The 
firft among the Greeks^ who numbered diofe 
which are viiible to the naked Bye, and re« 
gifter'd their Places in a Catalogue, was Hip^ 
farchus. He flourifh'd about 120 Years bdixie 
Cljrijl^ and numbered 1092 Stars. To this 
Catalogue the Places of fevenil more have been 
added by fuccecding Aftronomers, as Ptolemy^ 
Capernicusy Tycbo Brahe^ Riccio/uSy and Eh-; 
Halle f\ which laft went • to the Ifland of St. 
Helena^ where he reckoned up and fet down 
the Places of fuch Stars in the Southern He- 
mifphere as are not viiible to us in this. 

The laft Catalogue is that of FlamffeaJ^ 
who reckons 3000, of which a great Part are 
Tele/topical. The Number of Stars which 
may be feen at one Time with the naked 
Eye in one Heraifph^re feldom exceed a Thou-» 
fend ; which perhaps may appear ftrange, fince 
at firft Sight they feem to be innumerable. 
But this Appearance is only a Deception of 
Sight, arifing from a confofed and tranfient 
View. Let a Perfon fingle out a fmall Por- 
tion of the Heavens, and after fom« Attention 
to the Situation of the more remarkable Stars 
therein, begin to count, and he will ibon be 
furprifed to find how few there are tha-ein. 

Yet neverthelels, if we confider the Tele- 
fcopic Stars abng with thofe which are vifible 

to 
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to the naked Eye, we tna^ venture to pro- 
' nottOoe them infinite : fo prodigious ^re the 
Numbers that may be feen in a g^ Teleicope. 
Thofein Mx.Flamfteai^ Catalogue mentioned 
above^ diat are Tdefcopica), are only the mott 
remarkable ones, fuch whofe Longitudes and 
Latitudes (that is, their true Situaticm in the 
Heavens) it was thought wwth while to re^ 
gifter and put down. Dr. Hook^ with a Te« 
Uicope of la Feet, faw 7S Stars among the 
PkiaJis^ that is, thofe which are commonly 
called the fcven Stars 5 and witti a longer Te-* 
leicope faw more (h). And in the finglc Con- 
Aellation of Oriotty which in Flamfiead'% Ca-* 
talogue has but 80 Stars, there have been feen 
2000 (c). 

There is one Thing more which is very re- 
markable in the fixed Stars, i>/^. that fome 
of thofe wluch were taken Notice of, and 
had their Places r^fler'd, have iince difappear-- 
ed. Some have difappeared for a Time : Some 
new ones have appeared, and afterwards difap- 
peared ; particularly a remarkable one in the 
ConfteUation Caffio^a^ in the Year 1 572,which' 
fome time after its firft Appearance outihone 
the biggeft of the • fixed Stars, and in fixteen 
Months Time by degrees vanifhed quite away, 
and was never feen fince. In the PZfiW(fi, which 
ufed to be reckoned 7, there are but 6 to be 
feen with the naked Eye. 

From 

(h) HaaJ^B }iMxogB9ii^ pig. 14T 
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From the Similitude there appears to be be* 
tween the fixed Stars and the Sun, it is gene* 
rally fuppofed by Philofophers, that they are not 
placed in the Heavens by way of Ornament only, 
or to fupply us with a faint Light in the Ab* 
fence of tne Moon ; but that each of them 
is placed in the midfl of a Syflem of planeta- 
ry Worlds, and that it directs their Motions^ 
and fupplies them with . Light and Heat, in 
the fame Manner that the Sun does the 
feveral Bodies of which the Solar Syftem is 
compofed^^j. • 

As to thofe Alterations in the Appearances 
of fome of the fixed Stars mentioned above. 
Sir Ifaac Newton conjectures, that, as it is poffi- 
ble the Sun may fometimes receive an Addic- 
tion of Pewel by the falling of a Comet into 
it (the only Ufe (e) they feem to be of ^' fo the 
fudden Appearance of fome of the Stars, which 
formerly were not vifible to us, may be ow- 
ing to the falling of a Comet upon them, 
and occafioning an uncommon Blaze and Splen- 
dor for fome Time. But that fuch as appear and 
disappear periodically, and incrcafe by very 

flow 

(d) How the San direds the Motions of the Planets will be 
fhewn afterwards. 

(e) &T Ifaac NemHon computes, that the Comet which appear- 
ed in 1680 approached towards the Sun within lefs than a fixth 
Part of the Sun's Diameter ; and from thence concludes, that 
it muft have been retarded by the Refinance of the Sun's At- 
mofphere, which is very large ; the Confequence of which is» 
that it muft come nearer and nearer the Sun every Revolution^ 
till at laft it Ms into its Body. 



CKap. 3. ^e diurnal Mot ion y gcc. 3 3 

flow Degrees, feldom exceeding diofe <^ die 
third Magnitude, may be fuch as having large 
Portions of their Surfaces obicured by Spots» 
may by revolving about their Axes^ like the 
Sun, expofe their lifter and darker Parts to 
us fiicccnively. 
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Of Jiich of' the apparent Motions of 
• the Heavenly Bodies^ as arife from 
the Motion of the Earth about its 
s Axis. 

Aving now laid down the true and pro- 
per Motion of the Planets, and (hewn, 

as the Obfervationsof Aftronomershave 
been able to inform us, the Nature of the 
Sun, the Planets, and the fixed Stars ; we are 
in the next Place, to enquire particularly into 
their apparent Motions, and fhew how it comes 
to pafs that thelb feem to us ib different from 
what they really are. And thefe are principally 
of two Sorts, viz. thofe which arife from Ae 
Motion of the Earth round its Axisy and thofe 
which are owir^ to the Motion of the Earth 
and Planets about the Sun. The former of 
thefe fhall be confider'd in this Chapter ; the 
latter in thofe which follow. 

Since 
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: Siilce theo,^ we ob&rveid above, the Earth 
turns round' K8 own Ach firom^Weft to Eaft, 
every Spcdbator upon its Surface mufi neceffii^ 
rily be canied round it the iame Way ; and 
coniequently thoie Parts of the Heavens which 
lie hid towards the Eaft, will hf and by 
come into his Sight, and thofe wmch are vi- 
fible to him will depart out of it towards the 
Weft* From h^uce it is that the Spediator, 
not being fenfiHeof hisown Motion (the Rea- 
ibn of which is, becaufe all things about him 
move along with him) ima^nes the whole Hejt«» 
yens to turn rpund the contnury Way, vr# 
from Eaft to Weft, every 24 Hours, which 
is nearly (f) the Tune the Earth performs one 
Revolution about its Axis in. This may be 
illuftrated in the following Manner. 

Let the Ciide 8TV (Fig. ^.) rcprefent the 
]^rth, S the Place of a Spcftator, ABC ib 
much of the Heavens as is viiible to him 
in that Situation, and let A be the Place of the 
Sun or anyodierof the heavei>ly Bodies : When 
S, the Place of the Spectator, is carried by the 
'Rotation of the Earth about its Axis to 
T, the vifihfe Fart of the Heavens will be- 
come BAD; and the Point A, which be- 
fore was juft at one Ed^ cf the viiible Por« 
tton of the Heavens, is now in the midft of 
it, or directly over the Spectator s Head. Agahiy 

when 

' (f) The Reafon why this is not the txeS 11me> 19^ bfctnfe 
of the Motion of the Earth in its Orbife performed inthemrait 
whiles as ihall be escplained in Chapter the XV. 
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when the Spedator is got to V, the vif.bic 
Part oiF the Heavens is become ADX, and 
the Point A is got to the other Extreniity of 
it, and juft ready to diiappear ; after which 
it is feen no more till the Spedator arrives at 
the Point S again. 

From this Motion of the Earth arifes thait 
apparent Revolution of the Planets and fixed 
Stars oiibe in 24 Hom^ ; as alfo that of the 
Sun, and therewith the Succeilion of* Day and 
Night. 

- That the Days vary from each other both 
m Point df Length and Heat, is owinjg to the 
'Motion of the Earth round the Sun> and wiU 
be accounted- for in the next Chapter. / 



CHAP. IV. 

Of the apparent Motion of the Sun, 
arifing from the Earth's revolving 
about it- 



A 



S wHen a Pcrfbn fails along the Sea- 
Coatt, the Shore, the Villages, and o- 
thcr remarkable Places upon Land appear to 
chaqge thefr Situation, and to pafs by him j 
and this apparent Change of Place is of two 
Sorts, (the one, is that of Bodies at reft, the 

F Change 



'1 



36 Of the apparent Part IV. 

Change t£ whofe Pkoes ckpcfKl i6>lel5r on that 
of the Spedator y the other is, thgt of Bodies 
in Moticm, who& apparent Cbaoge oi Place 
depends as well on their own Motion as on 
that of the^Spedator ;) fo it is in the Heavens : 
To a Spectator upon the Sarth, a^ it movQs 
along' its Orbit, me Sun, the Planet^ and die 
fixed Stars am)ear to change their PlsicQs | which 
Change in thofe which are at f)^ft is owing 
wholly to :tfae Motbn of the Earth ; in thofe 
which move, it is to be afcribed to their own 
conjointly with that of the Earth: The for- 
mer Kirxl fhall be confiderod in this Chapter 
and the next, the latter in thofe which fbt- 
low. To begin wkh th;^ of the Sun. 

As a Spectator in the Sun would fee the 
Earth dcfcribing a Circle in the H e a v ens, 
which is that where the Plane of the Earth's 
Orbit (were "wc to fuppofe it extended far 
enough) would cut them 5 io a Spectator on 
the Earth, being carried round die Sun-there- 
vf^y would im^ine that to move through 
the fame Circle, and in the fame Dircdion, 
paffing from Star to Star till it has appeared 
to move quite round the Heavens.. Tnis Cir- 
cle is called the Ecliptic^ and from what was 
obferved above of the Zodiac, necefiarily paf- 
fes through twelve Signs thereof. From hence 
it is, that the Sun is faid to pafs through the 
Signs of the Zodiac once a Year. 

To 



r 
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To iliaftfate this, let S (f^ig. 4) re|)refeiitthe 
San, ABC the Orbit of the Earth, and DEF 
the ftarry Firmament. Then if we fu0K)fe 
the ^pe<fetor to be in the Sun, as the mrdi 
mores from A to B, if will fe^i to mo^ 
from D to E, ckfcribing the Arch *J)E in the 
Heavens, and fo on ; mit if the Spedator be 
upon the Earth, then whilft it moves from A 
to B, the San will feem to deicribe the Arch 
GH in the opppflte Part of the HcaveiK : 
and whilft the Earth is ptf ffing from B to C, 
the apparent Place of the Sun will pa& from 
H to I ; and £0 on through the whole Circle. 
So that the Sun appears to deferibe the lame 
Circle among the nistA Stars in a Year, that 

the Earth would feem to deicribe in the fame 

» •• • . - . 

Time to a Sjpc^tor iri the Sun. 

Having thus (hewn, that the annual Moti^fi 
c^ the Earth ^ves the Sun an sq)parent one 
•in th6 Eelipiic^ we fhall now proceed to en-* 
quire how the Variety of Days and Nights, 
as to dieir Lengths aftd ^e di^ent Seafbns 
of the Year, are to be accounted for. In orr 
der to which we Svill preraife the three fol- 
lowing Obfervation^. ^ 

L As the Earth turns round its yd^iV, Ubictt 
are two Points in its Surfece wbicfr have no 
Motion frona thence, viz. the two Extremi- 
ties of Its Axis. Thefe Points arc ealled the 
FpIcs of the Eirtb; ^Hafwhidaf re%e<9te the 

F 2 North, 
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North, is called the North Pole; the other 
the South Pole. But every other Point of 
the Eartivs Surface defcribes a Circle, which 
will be greater or lefs, as the Point that de- 
icribcs it is farther from or nparer to either 
' Pole'; aijd confequently that Circle, whofe de- 
fcribing Point is equally removed from either, 
will be the largeft of all. This Circle is call- 
ed the Equator^ by Mariners the Line% and 
its correlponding Circle in the Heavens, or 
that which the Plane of this Circle, were we 
to fuppofe it extended thither, would mark 
out, rfie EquinoSlial Circle i and thofe lefTer 
Circles defcribed by other Points of the Earth's 
Surface are called Parallels of this. 

IL The AkIs of the Earth, as was obferved 
above, making an Angle with the Plane of 
its Orbit of 23 Degrees and an half, docs the 
fame with that of the Ecliptic y thofe two 
Planes being coincident one with another. 
Thus fuppofing the Line AB (Fig. 5.) to re- 
prefcnt tne Plane of the Ecliptic fecn edgeways, 
and the Circle DFE the Earth; the Axis 
of it is not coincident with the Perppndicular 
DE, but ftands inclined in the Situation FG, 
fuppofing the Arch DF to contain 23 Degrees 
and m half And, 

• ■- ^ 

III. In whatever part of its Orbit the Earth 

is^ its ^/{ bas,.thei^nic Inclination to the 

■ ^ ' ' Plane 



• 
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plane thereof^ and is every where paralld to 
itfeir: that is, if a Line be conceived as drawn 
parallel to the /ixh while the • Eardi is in 
any one Point of its Orbit, the jlxis will in 
every otficr Situation of the Earth be parallel 
to the faid Line. Thus fuppofing the Line 
JFG to reprefent the Situation of the jixss of 
the Earth when at DFG, and to be parallel 
to the Line HI; then when the Earth is at 
dfg^ or any other Part of its Orbit, its uixis 
fg will ftill be parallel to the fame Line 

Bira). ^ ,: 

Thefe things being obfcrved, lef us imagine 
the, Plane of the Ecliptic to be rcprefcnted by. 
the Line jPiB (Fig. 6.) feen edgeways as before. 
Let the Point S reprefent the Place of the Sun, 
and PEpQ^thc Earth, whofe Axis let be Pp, 
and its Poles P and p, the former the North, the 
latter the South ; and let EQ^be the Equator 
'and TC, RN, &c. Parallels thereof. And let 
us in the firft Place confider the Earth in the 
Situation KL, or diredtly beyond the Sun with 
refpedl to the Eye. It is evident from the 
Figure, that in this Situation of the Earth, the 
Sun's Place SJs in the Plane of the Equator 
EQ^rodueed ; and confequently, while the 

. Earth 

(a) N. B, The Axis of the Earth deviates a little from its 
Parallelifm evay Revolution ef the Earth about the Sun, but 
in fo fmall a Degree that the Coniideration of it is better o- 
mitted in this Place i it fhall be taken Notice of in the next 
Chapter. 
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Earth revolves upon its Axis Pp, the Sun wil 
appear to deicribe that Circle^ and will enlight^ 
en one Side of the Earth from Pole tb Pole. 
Whence half of the Equator^ and half of each 
of its Paralkls RN, TC, Q?r. vrill be enlighten- 
ed thereby, while the other half being on the 
oppoiite Side the Earth, will be in the Dark. 
And confequently every Place on the Surface 
of the Earth, fince it muft de£:ribe fome one 
of thofe Parallels as it is carried round by die 
diurnal Motion, will be as long in dbeLij^t 
as in the Dark ; that is, the Days and Ni|^ 
will then be of equal Length all over the 
Earth (^^;. 

But becaufe die AxU of die Earth is every 
where parallel to itlfelf, as was juft now obfer* 
ved ; when the Earth is carried by its annual 
Motion into the Situaticm MO (which wi wMl 
fuppofe to be a quarter of a Circle diilant 
fix>m its former Situation, the Poles of the 
Earth being ftill turned the fame Way as be- 
fore) it is manifeft that the Sun's place S is not 
now in the Plane of the Equator EQ^pro- 
duced, (for that would pafs below the Son to- 
wards L) but diredly over C, a Point in the 
Parallel TC \ and therefoi^ as the Earth re- 
volves about its Axhy all places of the Earth 

that 

■ 4 • /» - • 

(h) When the Sun ap|>ears to enter the firft tijeg^ee of thji 
Sign Aries^ the Earth is in that Part of us Orj)i( where thefe 
Fhxnomena happen. 
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that lie in this Parallel will come diredly un* 
der the Sun once in 24 Hours, as thofe that 
ky under the £(}uator did in the former Si- 
tuation of die Eardl : and fince the Rays df 
the Sun always enlighten one half of th? Globe 
of the Earth at a Time, they will reach be- 
y&cA the North Pole as far as F 5 and on 
the other Side no farther than I. From 
whence it follows, that the Tradl of the Eardu 
which^ lies within the Circle FG enjoys con- 
tinual Day-light, while the Earth is in thi 
Part of its Otfeit ; and on the contrary, that it 
is continual Night to tliat I^art of the World 
that lies within the oppofite Cir<;le HI : Aat 
IS, the Sun will not appear to fet in the. for- 
mer, nor rife in the latter. And ferther, greatcf 
Portions of thofe. Parallels which lie betwcea 
the Equator and the Circle FG will be in the 
illuminated Hemifphere than in the dark one, 
as appears by Inipedion of the Figure, in 
which the latter Heipi^ei:e is difkinguiflied 
from the, other by being fhaded ; and on the 
contrary, greater Portions of fuch as fie be- 
tween the Equator and the Circle HI will be 
in the Dark, than in the Li^t And hence 
it is that" the Earth being in this Part of the 
Orbit, the Days are longer than the Nights 
on the Northern Side the Equator ^ Vi4ierea$ 
on the Soodiienl Side, the Nights are longer 
than the Days; and tfie Diflference between the 
Lengths of the Days and Nights is fo much 

the 
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the greatrfr^, as the Place is more remote from 
the EquaW on either fide, bfecaufe the Dif- 
ference betweeri the Portions of the Parallels 
which are in the ' illuminated Hemifphere, and 
thofe which are ih the contrary one, are great- 
er the farther thfey are, from the Equator : 
But to (tLch as. live under the Equator, Day 
and Night are in this Situation of the Eartn 
alfo equal to one another, one half of the 
Equator EQJ)eiftg here alio in the illumina- 
ted Hemifphere (c). 

Let us now conceive the Earth to have 
moved through another quarter Part of its 
Orbit, and to be in the Situation KL again, 
l)ut with this Difference, that it is now on the 
contrary fide the Sun to what we fuppofed it 
at firft. In this Situation alfo it is evident, that 
the Plane of the Equator EQ^ being produ^ 
ced, will pafs through the Sun, and that the 
illuminated Hemifphere will pafs from Pole 
to Pole as before ^ for we are flill to conceive 
the Axis of the* Earth parallel to its firft Situ- 
ation ; fo that the Sun will feem to defcribe 
the fame Circle in the Heavens, and the 
Days and Nights will be equal every where, 

as 

(c) In this Situation of the Earth the Sun appears to be iri 
tiie firft Degree of Cancer, and to the Inhabitants of the Nordi* 
em Hemiiphete of the Earth introduces the Summer i lo 
thofe of the other, the Winter Quarter, 
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as when the Earth was in the oppofite point 
of its Orbit (d). 

But when die Earth haspaflcd through an- 
other quarter of its Orbit (which we will fuppofe 
it to nave done, when it is in the Situation 
3C y) its Axis Pp ftiU rcniaining parallel to 
its former Dire6tion, the Place of the Sun will 
TifdW be vertical toR, a Point under the Parallel 
RN ; io tiiat to all jthe Inhabi&nts that Jive 
4inder this Parallel, the Sun will be vertical 
.once in 24 Hours, as it was to thofe who live 
under the ParaUd XC, when the Earth was 
at MO ; and that Portion of the E^rth^s Sur- 
iace whicli is included within the Circle I\G, 
will be wholly in the Dark, and that with- 
in the oppofite one HI, will \^t wholly in the 
Light; and leffer Portions of the Northern 
Parallels wilLbe in the Light than in the Dark, 
and greater Portions of the Southern. So that 
the Inhabitants of the Northern Hemifphere 
will then have their Days at the fhorteft, and 
thofe of the Southern at the longeft. Thofe 
who live within the Circle FG will have no 
Day, and thofe witlain HI no Night. Tho* 
to. thofe who live under the Equator, the Days 
and Nights are in this, as in all other Situations 
of the Earth, of an equal Length, the Equator 

G being 

(d) In this Situation of the Earth, -the Sun enters the firtt 
Degree of Likruy and makes Autumn to us, and ^ring to thofe 
on tlie other fide the Equator. 
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beine every where cut into two eaual Parts 
by me Boundary of Light and Darknefs (e). 

From 



(e) When the Earth is in that Part of its Orbit where theb 
Phenomena happen, the Son is then entering the £rft Degree 
of Caprie§m^ and brings on Winter to os, and Summer to the 
Inhabitants of the other Hcmifpherc. 

There is another Way in which thefe Pb^emmena may be 
iflallrated } and that is as follows. Let S (Fig 7.) reprelent 
the Sun, and the Cirde ABDD the Earth's annual Coorfe round 
it ; EFGH the Earth, P the North Pole, RT the AiBdc Ciide, 
IKLE the Tropic of Cancer^ FNH the Northern half of the 
Equator i the.ihaded Part the obfcure Hemifphere, the other 
the illuminated one : And let X be the Place of the Sign Jiries 
in the Heavens, Y that of Cmicer, M that of Liira, and Q^ 
that of Q^corn. 

When the Earth is in that Part of its Orbit that refpefb 
M or Libray the Sun appears in the oppofite one, viz, at X, 
or in jiries ; and the Cirde GPE, which ieparates the light 
Hemifphere from the dark one, paiTes through the Poles of the 
Earth, and thelefore cuts each Parallel of the Equator into 
two equal Parts, and thereby renders the Days and Nights e- 
vcry where equal. 

But while the Earth in its annual Courfe moves from M to- 
wards Q> which we will fuppofe to be a quarter of a Circle dif- 
tant from it, its jixis being directed as before, the Pde P 
will gradually advance into the illuminated Hemifphere, and 
that Portion of the Parallels that are therein will continually 
encreafe until the Earth is arrived there : in which Pofition 
the Boundary of Light and Darknefs pafles through FRH^ 
the Pole P, and all the Space within the Ard^ic Cirde idling 
wholly within the illuminated Hemifphere ; and thofe Portions 
of the feveral Parallels that are in the Light, will be longer 
than thofe which are in the Darfc, all which is evident from 
the Infpe&ion of the Figure. So that in the Northern Hemi- 
fohere of the Earth, die Days will be at longeft, and the 
Niehts at the fhorteft. 

Again, as the Earth is moving from (^towards X, the Pole 
P b^ns to indine towards the Line that diftinguifhes Lieht 
from Darknefs, for the like Reafon that before it receded 
from it $ and therefore thofe Portions of the Parallels that are 

19 
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From this aiiparent Shifting of the Sun fitnn 
one Side to me other, thoie Panllels of die 
Equator, menticmed in the foregoing Expli^ 
cation, have been diftinguifhed from the reft 
> by particular Names, as the two ^ropics^ and 
the two Polar Qrclcs. The Tropics are TC 
and RN ; the former is called die Tropic of 
Cancer ; becaufe when the Sun ieems to de- 
icribe that Circle, it then appears to be in the 
firft Degree of that Part of the Ecliptic which 
is diilinguifhed by the Sign Cancer : the lat- 
ter is called the Tropic of Capricorn 5 becauie 
at that time of the Year when it appears tp 
defcribe that Circle, it is entering the firft 
Degree of the Sign Capricorn The two 
Polar Circles are FG and HI; the former 
the Ar^ic^ the latter the AntarSic. Thcfe 
are juft as far diftant from their refpe£tive 
Poles, as the Tropics are from the Equator; 
viz. 23 Degrees and an half; this being a 
neceiTary Confequence of the Sun's illumioat^ 
ins but one half of the Globe of the Earth 
at a Time. 

G2 The 

in the Light gradually lefTen till the Earth arrives there ; at 
which Time that Line will pafs through it again^ and fo make 
the Days and Nights every where equal. 

But afterwards the Pole will begin to faU into the obfcure 
Hemi^here, and fo recede gradiuilly from the Light, until 
the Earth comes to Y; in which Situation not only the Pole, 
bat the whole Ardtic Circle will be involved in Darkne(s ; and 
tfaofe Portions of the feveral Parallels that are in the Lights 
wiU be ihorter than thofe which are in the Dark ; fo that 
die Days will be at the (horteft, and the Nights at the lengefl. 
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The Days an4 Nights being of an ctjiial 
Length, when the Sun appears to be in thofe 
Points where the Equator cuts the JEciipiic^ 
{viz. the firft Degree of Aries and Libra) they 
are from thence called the EquinoSfial Points, 
and the Times of the Year anlwering thereto 
the Equinoxes ; one the Vernal, the other 
the Autumnal % and of the EquinoSlicl Points^ 
that where the Ecliptic croffes the Equator 
in its Afcent towards the North Pole, is call- 
ed the vernal EquinoBial Point i that where 
it croffes it' in its Dcfcent towards die South 
Poic, the Autumnal ; and a Circle imagined 
to pafs through them and the Poles of the 
Earth, is callol the EquintrSlial Calure. 

And becaufe when the Sun feenis to deferibe 
cJther of the Tropic Circles (diat is, when it 
enters the firft D^rce of Cancer or Capri" 
corn) it being about to revert to the Equator, 
docs as it were feem to ftand ftill, neither Re- 
ceding from, nor approaching towards it, 
thefe Points are called the So§litial Points-, 
and the Times of the Year anfwering there- 
to are termed the two Soljlices ; the one, 
the Summer, the other the Winter. And a 
Circle conceived to pafs through the Poles of 
the Earth and thefe Points, is called the 5(7/- 
Jlitial Colure. And laftly, thefe four Points 
of the Heavens being thofe in which the Sun 
appears to be when the fourSeisLfons of the Yeir 
(viz. the Springs Summer, Autumn, and JFtn* 

ter) 
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ttf) b^bd, ait diftiaguifhed bjr the Names of 
CardiTUfl Points. 

If a right Liiie perpendicular to the Plane 
of the Ecliptic be fuppofed to pafs through 
the Center of the Sun^ and to be extended 
both ways to the Heavens, this Line is called 
the jixis of the Ecliptic ; and the two Ex- 
treoaities diercof, the Poles of the Ecliptic. 
But this Line is oft conceived to pafs through 
the Center of the Earth inftead of the Sun ; 
for they are lb near to each other with rsfpefi 
to the Diflance of the Heavens^ that the Dif- 
ference is not materiaL 

The Sun being not placed in the Center of 
thofe EfUpfes which the Planets de(cribe in 
moving round it, but in one of their Foci^ 
as was ob&rved above, it fdloWs, that they 
muft be ferther from the Sun in one Part of 
their Orbits than in another. And not only 
fo, but they mud alfo move fafter in one 
Part of their Orbits than in another 5 becaufe, 
as has been already dertionftratcd in Part L 
Chap. VIIL page 46. whatever Orbit a Body 
defcribes, if it be ^retained therein by any cen- 
tripetal Force whatever, it will defcribe equal 
Areas in equal Tinfites; that is, it will move 
fafter in Proportioa as it approaches nearer to 
the Body it revolves about, and flower the 
farther it is from it, And accordingly it is 
ctbfcrvcd hy Aftronomers, that die ncarfer a 

Planet 
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Planet comes to the Sun in its Orbit, the 
fwiftcr it moves. 

The Coniequence of this is^ that the Sun 
does not appear to move uniformly along the 
Ecliptic, but in fome Days to defcribe a great- 
er Portion of it than in others. In Winter 
it moves the fafteft, in Summer the floweft ; 
infomuch that it takes up eight Days more 
in pafling from the Vernal to the Autum^ 
nal 'Equinox, than in its pailage from the 
Autumnal to the Vernal ; altho' in either of 
thefe Intervals of Time it moves through juft 
half of the Ecliptic (f). 

\yhen an Elltpfe is confidered as the Orbit 
of a Planet, the longer Axis thereof is called 
the Unea Apfidum ; and if the Focus F be the 
Place of the Sun (g), the Point A is called the 
Sufnma Apfis (b), or the Aphelion ; and the 

oppofitc 

(f) Hence it iis, that in one Part of the Year the Son is 
farthef towards the Bail, and in another father towards the 
Wefl, than it woald Teem to be, was its apparent Motion in 
the Ecliptic uniform ; fo that it pafTes the Meridian fometimes 
fooner, lometimes later, than the Time at whith a Gock that 
moves uniformly would indicate the Hour of Tkvelve, This 
is one Reafon that Sun-dials are obferved to go fometimes 
flower, and fometimes faftcr. When the Sun appears too far 
to^vard the Eatl, they are too flow ; when it appears too 
much to the Wcftward, they are too quick. But fee this far- 
ther explained, Chap. XIV. 

^^; See Fig. 2. 

(If) This is the general Name to diilinguifh that Point of an 
Orbit, in which a revolving Planet is at the greatcft Diflance 
from the Body it revolves about. With refpeft to a Body re- 
volving about the Sun, it is called the Aphelion ; but with re^ 
fpe^ to the Moon oonfidered as revolving about the Barth, it 

is 
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oppoiite 6ne B, tbe Lna ApJU^ or the Perihe^ 
iion. The Diilance of a Planet from its ^- 
pbelion is called its Aumafy ; and this is df 
two Kinds^ mean and real^ the latter is its 
real Diilance from its Aphelion ; the fbrpier is 
that Diftance at which it would be frdm it^ 
fuppofing its Motion in its Orbit to be uni* 
form ; and the DiiFercnce between thefe two, 
Aftronomers call the Equation^ or Projibapha-^ 
re/is of the. Planet. 

The Ellipfes the Planets defcribc do thcm- 
felves turn round the Sun, though with a ve- 
ry flow Pace, their Apbelia relpedting fome- 
times one Part of the Heavens, and fome- 
times another. In this Age the Aphelion of 
i ^ the Earth's Orbit points towards the form^ 
Part of the Sign Capricorn. This is the rca- 
fon that the Sun is farther from us in Sum- 
mer than in Winter ; for the Sun appearing 
in Cancer in the former Seafon, the Earth is 
I then in Capricomy and therefore in its Apbeli-- 

I ony that is, its greatefl Diilance from the Sun. 
The Sun being farther removed from us in 
Summer than in Winter, it may be afked how 
it comes to pais, that fince the Sun is the 
Fountain of Heat, as well as Light, our Win- 
ters are fb much wider than our Summers ? In 
Anfwer to this it is to be confldered, that the 

Rays 

is called the Jpogeon, And the Ima Jpfis is the neareft Point, 
which with refpe^l to a Bodjr moving about the Sun is call- 
ed the Ptrihelion^ but with refped to the Moon the Perigeon, 
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Ray^ of the Spn fall wkh much le& OUi<mi'« 
ty upon the Surface of die Earth on our fide 
the Equator in the Sununer, than in die Win- 
ter ; and therefore they no£ only aft more for- 
cibly upon it, but a ^eater Quantity o^ them 
fall upon a given Place. Again ; in the Win- 
ter the Sun being much lower in the Hea- 
vens when at its Meridian Height, than in 
Summer, its Rays pafs through a longer Por- 
tion of the Earth's Atmofphere, by whidi 
great Part are intercepted, and fome by vari- 
ous Refia£iions and R^edions turned another 
Way (i). And laftly, in Summer the Sun con-- 
tinues with us £xteen Hours, and is ahfent but 
e^ht ; whereas in Winter it is with us but eight 
Hours, and is abfent fixteen. All which things 
confpire to make a confiderable Alteration with 
refpcd to Heat and Cold. 

If this be fo, why is not the Weather hot- 
ter when the Sun is in the Tropic of Czn- 
cer^ its Rays then falling with the Icaft :Ob- 
liquity, and pacing the iQborteft Way through 
the Atmofp^ere, and the Days being then at 
the longeft, than it is about a Month after- 
wards, when the Sun is in the beginning of 
the next Sign ? In anfwer to this it is to be 
remembrcd, that Bodies are not always the hot- 
teft at that very Inftant the greateft Degree 
of Heat is applied to them : they require Time 

to 
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to heat as well as to cool; it is the Length of 
Time therefore that the Heat is applied to 
them, as well as the Degree of it, that de- 
termines the Quantity of Heat communicated 
to them. 

For the like Reaibn we commonly find it 
warmer about one or two of the .Clock ii> 
the Afternoon, than at twelve, when the Sun is 
in its Meridian Altitude,and its Rays fall thick- 
eft and moft forcibly upon the Earth. 

The Sun appearing by means of the an- 
nual Motion of the Earth (as was illuf- 
trated in the beginning of this Chapter) to 
move from Weft to Eaft in the Heavens, it 
happens, that if any Star rifes or fets along with 
the Sun at any time, that Star will after 
a few Days rife or fet before it ; becaufe the 
Sun's apparent Place in the Heavens will be 
removed to the Eaftward of the Star. So that 
thofe Stars which at one time of the Year 
fet with the Sun, and therefore never appeat 
at all, ftiall at another time of the Year rife 
when the Sun fets, and ftiinc all Night. And as 
any one Star fliifts its Place with refpedl to the 
Sun, and in Confequence of that with refpedt 
to the ^Hour of the Night, fo all the reft do ; 
and from hence it is, that all thofp Stars which 
at one time of the Year appear on any one 
fide of the Pole-Star in the Evening, (hall 
half a Year afi:er, at the fame Hour, appear on 
the contrary Side thereof. 

H CHAP. 
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CHAP. V. 

Of the Earth's annual Parallax, the 
Nutation of the Poles, and the Pre- 
ccflion of the Equinodial Points. 

Since the Axis of the Earth is always pa- 
rallel to itfelf, it is in different Parts of 
the Year direfted towards different Parts of 
the Heavens ; and therefore to a Speflator on 
the Surface of the Earth, who cannot be fen- 
fible of his Change of Place, the apparent 
Places of the fixed Stars are different, when 
viewed from oppofite Points of the Earth's 
Orbit. Thus let S (Fig. 8.) reprefent the Place 
of the Sun, AB the Orbit of the Earth, and 
when the Earth is at A, let its Axis be directed 
towards the Point C in the Heavens ^ then 
when the Earth is arrived at B, the oppo- 
fite Point of its Orbit, its Axis being pa- 
rallel to its former Pofition, will be direct- 
ed to a different Point in the Heavens, m^, 
to D, as far diftant from the former as the 
Point A is from B, that is, a Space equal to tlie 
Diameter of the Earth's Orbit : And therefore 
to a Spectator on the Surface of the Earthy 
the Places of the fixed Stars appear remoVed 
as far as from Cto D, "oiz. by the Quanti- 
ty of the Angle, CBD ; or, becaufe the Lines 
AC and BD are parallel, by the Angle BCA, 
which is that under which the Orbit of the 

Earth 
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Earth would appear from a fixed Star at C. 
This Angle is by Aftronomcrs called the 
parallax of the Orbis magnus^ or the Etarth's 
annual Parallax. 

If this Angle could be accurately taken, the 
Diftance of a fixed Star at C, with refped: to 
that of the Sun at S, might be found by the 
Rujes of Trigonometry (a). But by reafon of 
the great Diftanpe of me fixed Stars, that Angle 
is fo exceeding fmall that it cannot be taken 
with any tolerable Accuracy, even with the 
beft Jnftruments. It has appeared to fome to 
fontain about 47 Seconds of a Minute, ac- 
cording to which the Diftance of the Stars 
muft be five hundred thoufand Millions of 
Miles from us ; but to others, particularly to 
Flamfteady who has taken great Pains to ol> 
ferve it accurately, it has appeared to contain 
but 42 Seconds, according (o which the Dif- 
tance of the Stars muft be niuch greater. 

Altho' we hitherto have loql^ed upon the 
Axis of the Earth as being always parallel to 
itfelf, yet it is npt fo, but is fubjcA to a 
twofold Motion ^ to the one is owing the Nu- 
ll z tation 

^tf^ For the Angle DBC being taken by Obfervation, its 
£q«al ACB is had ; and the Angle BAG, or SAC, fubtends an 
Arch of the Heavens that mealures the Diftance between the 
Place of the Sun and the faid Point, and may therefore ea- 
fily be obtained : and conieqaently, by the Rules of Tngon^metiy^ 
the Proportion which the Line AC or the Difbince (Sfthe Star 
&om the Earth, bears to the Line AB, v/hich is double the 
Sun*s Dillance, may be found. 
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tation of the Poles, to the other the Pre- 
ceflion of the Equinodtial Points, which are now 
to be explained. The firft is a Deviation of the 
Earth's Axis from its Parallelifm with itfelf 
twice in the Year, and a Returning to it as oft; 
For inftance, the Inclination of its Akis to the 
Plane of the Ecliptic increafes while the Earth 
is moving from the Solftitial to the Equino<ftial, 
and diminifties as much in its Paflage from 
the Equino6lial to the Solftitial Points. So that 
the Inclination of the Axis of the Earth to the 
Ecliptic is, notwithftanding this, at oppofite 
Points of its Orbit always the fame. This 
Nutation therefore docs not in the leaft inter- 
fere with what was faid with regard to the 
Earth's annual Parallax, in which though we 
fuppofed that Axis always parallel to itfeif, yet 
we confider'd it only in oppofite Points of its 
Orbit. This is called the Nutation of the 
Poles (b). The other indeed clafhes a little 
with our former Suppofitipn ; but taking a 
fmgle Revolution of the Earth by itfelf, as 
we have hitherto done, it is fo fmall as to be 
quite infenfible, tho' not fo when we take a 
many Revolutions together. Accordingly, by 
comparing feveral Years together, Afti-onomers 
have obferved that the Axis of the Earth de- 
viates 

(h) As the Inclination of the Axis of the Earth is thus 
twice augmented and twice diminilhed, while the Earth re- 
volves about the Sun, in like manner it is twice augmented, 
and twice diminiihed in each Revolution of the Moon about 
that. 
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viates a little from (ho Diredion it fbrnierly had j 
notwithftanding which Deviation, its Inclina- 
tion to the Ecliptic remains the fame. To il- 
luftrate the mariner in which this Alteration 
in its Diredion is made, let 5 (Fig. 9.) repre- 
fent the Sun, the Circle XEY the Earth, AB 
the Plane of the Ecliptic^ EL the Axis of 
it, which we will now fuppofe to pafs thro* 
the Center of the Earth, and let P Q^ denote 
the Axis of the Earth. On the Surface of 
the Earth, and round the Points E and L, 
let us conceive' the two fmall Circles PTX 
and QYY to be defcribed. Then if at any 
Time the Pofition of the Earth's Axis is in 
the Line PQ. as we have fuppofed, after fe- 
veral Revolutions of the Earth about the Sun 
it fliall be found in the Situation CD ; and af- 
ter fcveral more Revolutions it (hall be re- 
moved into the Situation TV, G?r. the one 
Pole of the Earth defcribing the Circle PCTX, 
and the other QDVY : fo that notwithftand- 
ing this Change in the Diredtion of the Axis 
of the Earth, its * Inclination to the Plane of 
the Ecliptic remains the fame, the Poles of 
the Earth being every where at the fame Dif- 
tance from E and L, the Poles of the Eclip^ 
tic. But this Motion of the Poles is fo very 
flow, that they do not perform their Revo- 
lution in Icfs than 25,920 Years, which is at 
the Rate of one Degree in 72 Years. It 
is performed in a Diredtion contrary to that 

of 
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of the Order of the Signs^ Qf from Eaft to . 
Weft. Which is termed by Aftronomers, ^, 
Moving in Antecedent ia ; whereas when a Bo- 
dy moves according to the Order of the Signs, 
its Motion is faid to be in Confequentia. 

From hence it follows, that the Solftitial Co- 
lure, which paflcs both through the Poles of 
the Ecliptic and of the Earth, muft necefla-r 
rily turn round the Axis of the Ecliptic ii> 
the fame Direction, or contrary to the Order 
of the Signs y and with that the Equinodtial 
Colure alfo, becaufe thefe crofs one another 
at right Angles in the Poles of the Earth, 
Whatever Star therefore the Equinodial Points 
are directed towards at any particular Time, 
.after 72 Years they will not be direfted to 
the fame, but to fome other Star or Point of 
the Heavens, fituated one Degree towards the 
Weft. This Motion of the Equinodtial Points; 
is called 'their Precejfim. And from hence 
the Stars feem to move towards the Eaft, and 
thereby to have their Longitude (which is aU 
ways reckoned upon the E^cliptic from the 
vernal Equinodial Point) increafed. The Con- 
ftellations therefore feem all to have deferted 
the Places allotted to them by the firft Aftrono- 
mers. For Inftancc, the beginning of the Sign 
Jlrie^^ which was near the vernal Equinog- 
tial Point, and gave Name to that Point of 
the EcliptiCy is now advanced about an whole 
Degree forwards : So that uiries is now where 

Taurus 
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I'aurus ufed to be 5 7i/«r«l where GeminiJ^c. 
But to avoid Confufion, Aftronomers have 
thought fit to let the feveral Portions of the 
Ecliptic^ where thefe Conflellations were at 
firft obferved to be, retain their old Names (c) ; 
fo that the vernal Equinoctial Point is llill 
reckoned the firft Degree of jiries (d). 

(c) Thofe Portions of the EcHptiCy where the Conflellations 
were at firil, are called Anaftra^ thofe where they now are, 
ate diflinguiihed by the Titles of SulUta, 

(d) The ancient Aflronomen obferving this Nfotion of Ae 
fixed Stars, and not knowing how to account ibr it, conclud- 
ed that ttity really had fucn a Motion, and called the Time 
of an entire Revolution of them, Amms Magnus^ or the great 
Year. And imagined that when that great Year was ended» 
and the Stars reinftated in their proper Places, all Things 
would begin to be done over again in the World, no.t only 
in the fame Order and Manner, but by the fame Peribns they 
were done before. 

The Caufes of this Preceffion, as alfo of the Nutations above 
mentioned, will be accounted for when we treat of the Cautes 
of the Motions of the heavenly Bod^s. 



CHAP. 
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CHAP. VI. 

Of the Phenomena which arife from 
the Motion of the Earth and of 

' the Inferior Planets^ Mercury and 
Venus conjointly. 

Since the Orbits of Mercury and Venus are 
included within that of the Earth, it is 
evident neither of them can come to an Op- 
pofition to the Sun ; that is, appear in the op- 
pofite Part of the Heavens with refpcd to it, 
but muft always accompany it in its apparent 
Motion through the Ecliptic, juft as the Sa- 
tellites of the primary Planets do in reality 
icconap^ny them. But whereas they perform 
their refpedlive Revolutions about the Sun 
in Periods different from that of the Earth, 
it is obvious they muft be fometimes on one 
fide of the Sun, and fometimes on the other 
with refped: to us ; fometimes be between the 
Sun and us, and fometimes directly beyond it. 
When they are between the Sun and us, they 
are (aid to be in their inferior ConjunBtQn\ 
when beyond it, in their Juperior ConjunSfion : 
and when they appear to be removed the far- 
theft from the Sun, on either Side, they are 
then faid to be in their greateft Elongation. 

To 
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To illuftrate thte, let S (Fig. lo.) reprcfent 
the Son, ABCD the Orbit of one of the 
infcricwr Planets, fuppofe Venus i E die Place 
of the Earth in its Orbit; FG and HI a 
Portion of the Heavens. Then wiil A be the 
Place of its inferior^ C Aat of ks fuperiifr 
Cor^unStim ; in both which Cafes it will ap- 
pear in the Heavene to b^ at K, wliich is tnie 
apparent Place, of the Sun. When it is at B 
^r D, where a Line jdiung its Qeaxxx and diat 
of the Earth toudies its Orbk^ h then ^ 
pears at I or H, and is iaid to be in its 
greati^ Elongation, which is about 48 £)«- 
grees (if). Bat diis is liabfe to ibmie Altera- 
ti(m; becatife a^ its Orbit is an EiUffe^ it isfome« 
times nearer the Sun, and fometimes farther 
from it, in ils greateft £longa:tion. 

From hence we fte the Reafbn why the 
Planet Venus is ibmetimes £dd to be our 
Mining Stor, and fometimes our E^^ening Star: 
For after it has paflbd its inferior ConjunSfim 
with the Sun, and is aicending towards its 
fuperior one, it is all that Time on the JVeJUm 
fide of the Sun, and therefore necefiarily riles 

I every 

(a) Hence the Diftanoe of /W/ from the Son, with tt- 
fpeft to that of the Earth from the fame, is foqnd. For if in 
the Triaagle BBS, we take the Angle at E, Whdi that at B 
is a right one, the Piopoftioii between the of^te Siies k had 
fron the known Kul^cf ^ffmmtry. The Reaibn ¥4qr the 
A^gle at B is not alwm a right one, is, becanft the Orbit 
^ tke Planet is not a C;iix:Ie, but an EUiffi. ^ 
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every Morning before it, and is then our Morn^ 
ing Star. On the other hand, while it de- 
fcends from its Juperior to its inferior Con^ 
junStion^ it is to the Eajlward of the Sun, and 
therefore rifes and fets after it ; and aj^)ears to 
us only in the Evening after the Sun is dov7n. 
Farther ; altho' the Motion of the inferior 
Planets in their Orbits is dired, or accord- 
ing to the Order of the Signs, yet they frc- 
3uently appear to be retrograde^ or to move 
le contrary Way; and fometimes to ftand ftill. 
When- they are near their inferior ConjunStion 
with the Sun, they fecm to move one Way, and 
when near thar ^ferior Conjun£fion^ ihcy ap- 
pear to go another. And at that Time when 
their direft or prpgreflive Motion is changing 
into a regrefllve one, or the contrary, they 
ieem to (land fHlL All which may be il- 
luftrafei in die following Manner. 

Let ABCD (Fig. lo.) rcprefcnt the Orbit 
of the Planet Fenus^ S the Place of th6 Sun, 
E the Earth, FG a Portion of its Orbit, and 
HI the Sphere of the fixed Stars, as before ; 
and becaufe Fenus moves fader than the Earth, 
let us fuppofc the latter to ftand ftill, and the 
former to move with the Differences of their 
Velocities; Then while Fenus defcribes that 
Portion of its Orbit that is reprefented by DAB, 
it will feem from die Earth to move fronri 
H to I in the Heavens, which is contrary to 
its real Modon, arid to the Order of the Signs ; 

and 
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and in mowig over tfac remaining Part of 
its Orbit, it will fcem to pafs from I to H. 
And was the Earth really to ftand ftill, as wc 
have fuppofed, it would be ftationary, or fecm 
to have no Motbn cither Way, at the Points B 
and D. 

But as the Earth does not (land ftill, but 
continues to move on in its Orbit, Venus will 
not feem ftationary exaftly at the Points B and 
D ; but during its Motion through a certain 
Part of its Orbit, as LM, where fuppofing the 
Lines EL and OM parallel to each other, 
their Orbits are fo inclined to each other, that 
the Space LM fhall be to the Space EO as 
the Velocity with which Venus moves is to 
that with which the Earth moyes j for it is 
evident, that in that cafe the Earth will pafs 
through EO while Venus pa^ through LM, 
and therefore it will appear all the Time in the 
fame Part of the Heavens, becaufe the Diftance 
between thofe parallel Lines is nothing, when 
compared^ to that of the Heavens. 

There is alfo another Particular to be taken 
Notice of with regard to the apparent Motion 
of the Inferior Planets, viz. that they do 
not feem to defcribc the Ecliptic in the Hea- 
vens as the Sun docs^ but are obferved to be 
Ibmctimes above and fometimcs below it. The 
Reafon of this is, that their Orbits are in- 
clined to the Plane of the Earth's, having one 
Half above it and the other below it, on which 

1 2 account 
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account they interfed the Plane of the EcUp^ 
tic in a Line that paiTes throi;^ die Center 
of the Sun (the Center of the Sun, as was 
obferved above, being in tha Planes of each 
Orbit.) This Line is called the Line of the 
Nodes^ and the two Points of the Ecliptic^ 
through which it pafles when produced to the 
Heavens, are called the Nodes. Thcfe Pla- 
cets therefore never appear in the Ecliptic ex- 
cept when they are in their NodeSy and in all 
other Parts of their Orbits feem to be more 
or lefs diftant from it, according as they are 
fituated with refpe^t to them and the Earth. 
But if we fuppofe them to be feen from the Sun, 
^ir greateft Diftance from the Ecliptic will 
be wnen they are £utheft removed from their 
Nt^eSf 

Their Diftances from the Ecliptic y as it 
would appear if ieen from the Center of the 
Earth, is called their Geocentric Latitude ; 
as it would appear from the Center of the 
Sun, is called their Heliocentric Latitude. 

There is a remarkable Fba^nomenon relate 
ing to the inferior Planets, which was not 
known to Aftronomers, till diicover^d by 
the Telefcope; and that is^ that in their difie* 
nent Situations with xtSptOi to the Earth, they 
affiime di^ent PbafeSy or Appearances, like 
thoie of the Moon. Which may be explain%« 
ed in the following Manner, 

Let 
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Let A, B, QD, (Fig. in) repssfent the 
Situation of one of the inferior Pianrts {Venui 
fuppofe) in feveral Parts of its Orbit, and kt 
S be the Place of the Sun, and I that of the 
Earth in its Orbit KL : and if from the 
Center of the Sun to that of Vtmi in ita 
ieveral Stations we draw the Lines SA, SB^ 
tSc. re^<£tively> and at ri^t Angles to 
thcfe the Lines MN, MN, ^c. thcfe laft 
Lmes will reprefent Circles upon the Surface 
of the Planet, feparating the enlightened from 
the obfcure Hemijphere. And if from the 
Earth to the Planet we conceive the Lines 
lAy IB, &€, to be drawn, and at ri^t An- 
gles to thefe the Lines OP, OP, !^c. refpcc- 
tivcly, thefe latter will reprefent Circles fe- 
parating that Part of the Planet which is turn- 
ed towards us from that which is not Thefe 
we may call Circles of Vifion. Now it is c- 
vident, that when Venus is in its inferior Con- 
junction at A, the Circles MN and OP coin- 
cide, and no Part of the Planet befides its un- 
illuminated Hemiiphere is turned towards us ; 
in which Cafe it is invifible, unlefs it happens 
at tliat Time to be in or near the Plane of 
the Ecliptic^ which if it be, it appears as a 
Spot upon the Surface of the Sun. When it 
has advanced in its Orbit as far as B, there 
is a finall Part of the illuminated Hemifphere 
included between the Lines OB and BM, on 
that fide the Circle of Viiion which is next 

the 
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the Earth ; in which cafe, fince by rcafon of 
its great Diftance from us we cannot diftin- 
guiui the Convexity of its Surface, it appears 
as a flat round Surface, a fmall Portion of 
which is illuminated^ the reft being dark ; and 
fo appears horned ^ like the new Moon (h). 
When it has arrived at C, then is half its 
illuminated Hemifphere turned towards us, 
and it appears as a round Surface, half of which 
is enlightiened, and half not. When it has 
got to D, then is the greateft Part of its illu- 
minated Hemifphere turned towards us, and 
it appears as a round plain Surface almofl 
wholly enlighten'd, or what the Aflronomers 
call gibbous. When it is in its fuperior Con- 

jundion 

{h) The Reafon why Venus or any other Planet (the Moon 
fappofe) appears horned^ when a fmall Portion only of her il> 
laminated Hemifphere is turned towards the £ye of the Spec- 
tatOFy will perhaps in feme Meafure appear from the Confi« 
deration of the 1 2th Figure. In which let A6CD reprefent 
the Planet Vtnm^ or any other Body of a globular Form; which 
that it might th^ better do, I have drawn ibme of thofe Cir- 
cles which are ufually found on Globes defigned to reprefent 
the Earth. Now if half this Globe be illuminated, and half 
be in the dark, and if only fo much of the illuminated Part 
as is included within the Space ABCE be turned towards the 
%yty ^the remaining Part AECD being obfcure, it is plain, 
that the iHuminated Part ABCE, when the whole Surface AB 
CD, by reafon of the great Diftance of the Globe, appears /«/, 
muftfeem to be i&or»^^.. And again, if the Space ABCE was 
a Portion of the dark Hemifphere, and AECD of the illumi* 
nated, *tis certain that when both are confidered as making up 
one flat Surface, the illununated Part mufl appear convex, or 
gMous, im the Side AEC, which is contiguous to the unillu- 
minated Hemifphere ABCE, 
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junction at E, the Cirples MN and OP coin* 
cide again, and the whole enlightened Hcmif- 
phcre is turned towards the Earth ; in which 
Situation the whole illuminated Face of the 
Planet is turned towards the Earth, and, if not 
intercepted by the Body c^ the Sun, appears 
like the Moon at the Full. After wmch it 
puts on the fame Appearances again, but in an 
inverted Order, till it arrives at A, where it 
is invijiblej as before (c). 

What ha^ been here illuArated with regard 
to VenuSy is to be underftood in Reference to 
the like Pbanomena of Mercury ; only with 
this Difference, that the Orbit o( Mercury be- 
ing leis than that of Venus^ its greateft Elon- 
gation is not £> great as dut of Venus^ not 
exceeding about 33 Degrees. Upon which 
Account this Planet is rarely to be feen with 
the naked Eye. And as Mercury revolves 
round die Sun in lefs Time than Venus doe?, 
its direct Motions^ Stations and Retrcgradations, 
as alfo its Conjundions with the Sun, fucceed 
one another quicker than thofe of that other 
Planet. 



fc) Befiire die Imnenbon of the Tdefcope, when Ccfer^ 
miau icrhred the old Pytha^ortoH Hyfotbefis, it was objeded to 
luin, dtat, aocordfl^ to that Scheme, Vemus ought to aflodie the 
Jike Phales with the Vioaa. To which he replied, that pof- 
fibijr iboie Means would be fimnd oat, wheiefay Ihccceding A* 
firoBomen wodd difcorer diat it did ib. The firft that ob- 
lerred. it was GalBLto^ who dierdyy greatlj confirmed the 

■n«hrfthcC^^«^SX««. CHAP 
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CHAP. VII. 

0/ the PhaeiKMiiena which are owing 
to the Motion of the Earth, and that 
of the fuperior Planets Mars, Ju- 
piter, and Saturn conjointly 

THE fuperior Planets do not alv^ys ieem 
to accompany the Sun, as we have 
ihewn in the foregoing Chapter that the k)w 
* ferior ones do i but are fometimes in Conjunct- 
tion wi^i it, fometimcs in Oppofiticm: ixyi 
are liable, as was obferved before of the Pla- 
net Mars^ to be ieen at any Diftance fcom 
it. 

To illuftrate this, ler.S (Fig. 13.) repre&nt 
the Place of the Sun, ACE the Orbit of the 
Earth, NRM that of one ojE the fuperior Pla^ 
nets (fuppofe Mars) and let OP be a Portion 
of the Zodiac. Now iince thefe Planets per- 
form their Revolutions about the Sun in dif^ 
ferent Times from that wherein the Earth 
goes round its Orbit, it is poilible, that when 
the Earth is at E, Mars may be at M , or it may 
be at N ; in the former Situation, it is in Con* 
junAion with the Sun, in the latter it is ia 
Oppofition : or it may be at R^ or at Xi ^ 

in 
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in any Situation with relpedt to the Sun and the 
Earth whatever. 

The fupericMT Planets have this in common 
with the inferior ones, vtx. that according as 
the Earth is iituated with refpeft to thetn^ 
they fometimes feem to mpve forwards ac* 
cording to the Order of the Signs^ fometimes 
contrary to that Order; and between the Times 
of their being thus dire& and retrograde^ they 
feem to fbnd flill, as (hall be made evident 
by the following lUuflration. 

Things remaining as before in the thir*- 
teenth Figure^ fince the Motion of the Earth 
is quicker than that of Mars^ let it be fup- 
pofed that Mars fbnds ftill at N, and that the 
Earth is moving with the Difference of their 
Motions from B to C : It is obvious, that in 
this Cafe Mars will feem to pafs from O 
to P, which is contrary to the Order of the 
Signs ; but while the Earth is pafiing over 
the other Part of its Orbit, viz. CAB, the 
Planet Mars would feem to move back a- 
gain from P to O, even though it had no Mo- 
tion of its own. Since then it is moving that 
Way all the Time, it neceffarily feems to 
move according to the Order of the Signs i 
tho' with this DifFe,rence, that it feems to move 
£ifler than it would do were it not for the 
Motion of the Earth in the mean time. A- 
nalogous to what was obferved of the inferior 
Planets (fince Mars does not fland flill, as we 

K have 
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have fuj^fed) it will not appear to ht Stationary 
when die Earth is at B and Q but during the 
Motion of the Earth through a certain Part of 
its Orbit, as LH, which, iuppoiing the Lines 
LN and HI poralld, is to the Portion of 
Aftfr/s Orbit NI (through which that Planet is 
moving at the iaine Time) as the Celerity with 
which die Eardi moves is to that q£ Mars^ 

What was ^d iA refped of the inferior 
Planets, that they do not always appear in the 
Ecliptic^ holds alfb with regard to the fupe-> 
rior ones* For their Orbits are alio inclined 
to that of the Earth, one Side of diem bebg 
above, ind the odier below it ; fo that thofe 
have alio thdr Heliocentric and Geocentric 
Latitudes as well as the other^ and sure never 
to he feen in ^e Ecliptic, but when they arc 
ib their Nodes. 

What has been lUuftrated with regard to 
Mars^ is applicatile to the odier two fuperior 
Planets^ only with this Difference ; that the 
Motion <>i Saturn is more frequently chang*- 
ed from progreflive to r^rtflive^ than that of 
yupiter ; as al(b its Oppofitions and Conjunc*- 
tions with t!he Sun are more frequent. The 
Reafon of this is, becaufe as Saturn moves 
much flower than yupiter ^ the former is more 
frequendy overtaken and pafs'd-by by theEatth 
than the latter. And as theie Pbanomena hap* 
pen dfter in Saturn than in yupiter^ fo they. 

da 
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do more frequently in yupiier than in Man 
(ot the fame Reafbn. 

So fmall is the Diftance of the Earth, with 
refpedt to that of Jupiter arid Saturn^ from 
the Sun, that in wnatever Part of their Orbits 
they be fituated with refoedt to the Earth, 
that Side of them, as to Senfe, whidi is tump- 
ed towards the Sun, is always towards the 
Earth i on which Account they always appear 
to us as (hining with a full Orb. But it is not 
£) with re£)e£l to Mars ; for fince that Planet 
k not much farther removed from the Sun than 
die Earth, it is obvious that that Side of it 
which is tinned towards the Sun will not al- 
ways be towards the Earth. For inftancc; 
tfaoa^ when Mars is at N, and the Earth at 
A or E, its illuminated HemiQ)here is direct- 
ly towards d>e Earth, yet it is turned away 
froni it confiderably when the Eardi is at B 
or C ^ at which tin^e therefore it appears to 
want fbmediing of its u6ial Rotundity, or to 
be Gibbous mk the Moon, a Mttle before 
or ibon after the Fuih 

As the inferior Plahets MercUry and Venus 
have thcar Fei[pe<%ive Elongations from the Sua 
when fcen from the Earth $ fo the Earth, if 
we imagine it to be viewed from the fuperior 
Planets, hath alfo its Elongation from the 
Sun. But this being a Plueaoo;ienon, which 
has not happened to our Aftronomers to fee, 
they give it a different Name, and call it when 

K 3^ at 
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at the grcateft, from a Phenomenon in the 
fuperior Planets depending upon it, the Paral- 
tax of the Semidiameter of the Earth* s annual 
Orbit in tbofe Planets: by which is meant, 
the Difference between the Place in the H^- 
yens the Planet would appear in if feen from 
die Center of the Sun, and that in which it 
would appear if feen from the Center of the 
Earth, when at its greateft Elongation frpm die 
Sun with regard to that Planet. To explain 
this, let N be the Place of the Planet, and 
B that of the Earth in its greateft Elongati- 
on from the Sun, as feen from that Planet. 
Then will the aparent Place of the Planet as 
feen from the Sun (that is, its true or Heli" 
acentric Place) be Q, but its Geocentric, pr ap- 
parent Place as feen from the Earth, will be Q. 
Now becaufe th? Arch QO fubtends an An- 
gle {n)iz. QNO) at the Planet which is e- 
qual to SNB, wz. that which SB, the Se- 
midiameter of the Eartb^s annual Orbit 
fubtends, th^ aboyementionqd Difference in 
the apparent Situation of the Planet is calU 
cd tb^ Parallax of the Semidiameter of the 
Earth's annual Orbit in that Planet (a). 
•'•'■''. ' • This 

(a) H^cc, 09 was obfervcd of the Inferior PJancts, the Dif- 
tances of the fuperior ones from the Sim wkh refped to tHit 
©f the Earth from thence, mkybe found. For in the Trian- 
gle SBN,^ all the Angld» being known, the Relation between 
the two ^idc BS and SN is had by the known Rules of 
trigonometry. The Anjje SBN is had from immediate Ob- 

\ fervation. 
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Angle in Mars is but 42 Degrees^ 

in Jupiter not above 1 1 : In Saturn it is but 
the fourth part of the greateft Elongation of 
Mercury feen from the Earthy viz. about 6 
Degrees.. So that fince Mercury by reaibn of 
Its Neameis to the Sun is rarely ieen by us, 
in all Probability the Aftronomers in Saturn 
(if there be any) do not know that there is 
fuch a Body in the Univerie as our Earth. 

fenration, as being fubtoidecl by an Arch in the Hea:vens be- 
tween the apparent Place of the Planet and that of the Sun. 
The Angle at N is eqaal to the Difierence between the real 
«nd apparent Place of the Planet; the firft of which it 
found, by Computation, the latter by Calculation. In Jupiter^ 
the bdft Way of finding that Angle is frofai his ^0/#/^i/fj, the 
Method of doin^ which fhall be fliewa when we have coi^d^c- 
^ the Phasnomena of thoij^ Planecs. 



CHAP. vni. 

OJ th Phaenomena of the Moon. 

HAvbg now finiihed what relates to the 
Pbanomena of the Primary Planets, 
we proceed to confider thofe which are own- 
ing to the Motion of the Secondary ones^ and 
firft of the Moon> which is the conflant and 
only Attendant of the Earth, and is always 
fo near it, that if the Earth and the Moon 
were viewed together from the 3uQ> the 

Moon 
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Moon at Aich Time as it would appear the 
£urthefl from the Earth would not ieem to 
be at a greater Diflance from it than what 
is equal to one third Part of the Breadth of 
the Sun's Body^ as it appears to us. 

Since the M ten is an opake fpherical Body, 
and revolves about us in fudi Manner as to 
|>af$ between the Sun and the Earth, it is 
ahiblutely nccefiary it ihouid put on iiifier« 
cnt Appearances^ according to its various 
Pofiticxi with re^eft to the Sun and the 
Earth ; its illuminated Hemi^here being con« 
iftantly turned towards the Sun the Foun^ 
tain of Light, and for that rcafbn fometimcs 
a greater ^d iqnietimes a le& Portion of it 
turned towards us. To (hew this, iittk need 
be laid, after fo full an Explication of the 
feveral Phafes of Venus ^ as was delivered in 
Chap. VL . - 

When the Moon is between the Earth and 
the Sun, that is, in Conjundiion with the Sun, 
its whole illuminated Hemilpfaere is turned 
from us, in which Station it is faid to be 
New ; afterwards when by ite Motion in its 
Orbit It ectierges oat of the Sun':S«Rays, a 
$mll Portion of that Hiem^iff^em which is 
tiurned ilowasds the Sun is alip ttirned towards 
the Eiurth, and then (as was cbdierved oi Venus) 
the Moon, by reaibn of its. great Diflanoe 
£fom i^^ appearing as a flat Sw^ce, one £dge 

of 
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of that Sur&Ge appears blister than the reft 
of ity and. fb the Moon in diis Shoatioii ap- 
pears i&^rmJ; and becauie it moves from Eaft 
to Weft^as wasobferved above* it at diisTime 
appears to the Eaibvard of the Sun; upon 
which account it (eems to fi^low the Sun in 
its daily Courier rifing and fetting after it. 
When die Moon is got to a quarttk AjpeSi 
as AAronbmers call it,(that is^ to the Diftance of 
a qoaiter of a Circle in the Heavens fromi 
the Place of the San) then is half df its il- 
luminated HemiijJiere turned towards us, and 
half fi'om us, in which Cafe it appears to usr 
as a plain round Surface half iUumnated^ and 
half not. When it has advanced a littie far-* 
ther it its Orbit, and got ^ther from the Sun^ 
more of its illumisiated HemHphere becomes 
vifibie to the Inhabitants of die Earth ; whence 
jft appears like a plain round Surface, fome- 
what defe&ive qf Li^t on that fide wluch 
is from the Sun, and is iaid to be Oiblxms. 
When it comes to an Opposition with f efped: 
to the Sun, it then turns the fame Side di- 
rectly towards the Earth that is towards the Sun, 
at whidi' time It appears to us wholly enlist-, 
ened, and is diercfore called the fuU Mom. 
And as it performs the other Part of its Re- 
volution^ it atiimies firft a giiious^ then an 
bahedj afterwards an horned F^ux ; and when 
it arrives at its Cor^dion with the Sun, it 

dtfappears 
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diiapptars for a while, the obfcure ^art onlj 
being turned towards us, as before. 

When the Moon is homed, the darker He- 
mifphere, or that which is turned from the 
Sun, has a faint Light difFufed over it^ fuffi* 
ciient to render it vifible. This Light is ow- 
ing to a Reflcdtion of the Sun's Rays from the 
Surface of the Earth to that part of the Moon. 
For as the Moon when at the Full^ by means 
of its enlightene Hemifphere which is then 
turned towards the dark Side of the Earth, 
ihines upon it, and affords a certain Degree 
of Light s fo the Earth when the Moon is 
at the New , has its enlightened Hemifphere^ 
(or that, fide where it is Day) turned to- 
wards the obfcure Hemifphere of the Moon^ 
and enlightens that, but in a much greater 
Degree tnan the unUluminated Hemifphere of 
the Earth (or that fide where it is Night) 
is enlightened by the full Moon ; the Earth 
being confiderably lai;ger than the Moon. Sp 
that as that Body is a Moon to us, our Earth 
is a much larger and more luminous one to 
tiiat. 

The Time in which the Moon performs 

one entire Revolution about the Earth frona 

* 

any Point of the Zodiac to the fame again, is 
called a Periodical Month. This Mondi con- 
fifls of 27 Days^ 7 Hours, and 43 Minutes. 
But the Synodical Month, which is the Time 
the Moon takes up in paffing from one Con- 
junction 
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jundtion with the Sun to anodier^ is larger 
than this by about two Days and 5 Hours. 
The Reafon of this is, that while the Moon 
is pafiing from one Conjundion to another^ 
the Sun by means of the Earth's Motion in 
its Orbit, is in appearance advanced towards 
the Eaft; fo that when the Moon comes round 
to that Part of the Heavens where the Sun 
was at the foregoing Conjunction, it is not 
then in C^njunSion with it again, but has 
fuch a Portion of the Heavens to defcribe, as 
takes up fo much more time, as, being added to 
the Periodical Month, makes it up 29 Days, 
J 2 Hours, 44 Minutes, and 3 Seconds $ which 
is the Sy nodical. But perhaps the .14th Figure 
may make this clearer : in which let S re- 
prefent the Sun, £ the Earth moving in its 
Orbit AB from A towards B, and let MNO 
denote the Orbit of the Moon, and M its 
Place therein when in Conjunftion with the 
Sun. Now while die Moon dcfcribes its Or- 
bit MNO, let it be fuppofed that the Earth 
advances in its Orbit from E to ^, in which 
Cafe the Moon's Orbit will be found at mno^ 
and the Point M will be at w in the Line 
ed^ if we fuppofe it parallel to ES, And there- 
fore when the Moon comes to m^ it will 
have performed an entire Revolution about its 
Orbit } but will not be in Conjundtion with 
tfie Sun, but has ftill the Arch n^ to defcribe 

L before 
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before it readies that Point of the Heavena 
in which the Sun will then appear to be. 

The Plane of the Moon's Orbit is not coin- 
cident with that of the Earth, but makes with it 
an Angle of about 5 Degrees, cutting it ii| 
two Points oppofite to each other, after die 
fame Manner as the Equator and the Eclip- 
tic were obferved to cut each other ; fb that the 
Moon does not feem to defcribe the Ecliptic 
in moving round its Orbit, but one half of 
the Way it declines towards the thrtb^ the 
ether hdf towards the South. The two Points 
where the Moon's ©rbit pafles through the 
Plane of the Ecliptic, are called the Nodes \ 
and a right Line drawn from one of thefe 
Points to the other, will pa& through the Cen-> 
ter of the Earth (that facing in the Plane of 
the Moon's Orbit as well as in that of its own) 
and is called the Line of the Ixodes. That 
Node through which the Moon paifes from 
the South Side the Ecliptic to the Northern, 
is called the Afcending Node ; the other thro' 
which it paflcs from the North to the South 
Side, is called the Defcending Node (a). 

The Extremities of the Line of Nodes are 
not always direfted towards the fame Points 
of the Ecliptic, but continually fliift their 
Places from Eaft to Weft, or contrary to the 

Order 

. C^) AAronomers often expreis^the former of thefe Nodes hy 
this Mark Q, which they call the Driven' & Headi the lat-' 
by 2? , which they call the Dragoni'i Tail. 
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Order of the S^ns ; performing an entire Re- 
volution about the Earth in the Space of ibme« 
thing kfs than 19 Years. 

As was obierved of the primary Planets, 
the Moon alfo mores not in a Circle^ but in 
an Edlipfe^ one of whofe Foci is in die Ccn-^ 
ter of die Eardi. And the lAnea j^fidum 
of it is not carried along with the £)arth in 
a Diredion parallel to itfelf, but connnuaU 
ly turns round the Center of the Earth thro* 
whidi it pafles from Weft to Eaft, or accord-^ 
ing to the Order of the Signs^ in the Spac^ 
of about 9 Years. 

. The Rtoon being fiibjeft to the Influence of 
the Sun as wdl as the Earthy it is not only 
liable to various Irregularities in its Motion, 
but its Orbit is wont to put on different Forms 
imd Motions, all which depend on its Situatioii 
with refpefl: to tbofe two Bodies. They are 
thefc that follow^ 

I, The nearer the Moon is to its Syzigies^ 
(that is, its Conjun£tion or Oppofition with the 
Sun) the greatpr is its Velocity; and the nearer 
it is to the ^adratures (that is, the firft and 
kft Quarter) the flower it moves (b). 

II. It does not defcribe Areas proportionw 
able to the Times, except in the Qh?^ 
Stores and Conjun^ons, 

L 2 HI. 

(h) This Irregulanty w?is obfervcd by Tych$ Brabi, whd 
gave it the Name of the Moon's Vmatim. 
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III .Its Orbit is fomewhat more curved in the 
Quadratures, than it would be if the Moon 
were only influenced by the Earth ; and lefe 
curved in the Syzigies,the Moon running farther 
off from the Earth in the Quadratures than in 
the Syzigies. 

IV* When thtf Earth is in its Perihelion, 
(that is, in that Part of its Orbit which is near- 
eft the Sun) the Periodical Time of the Moon 
is greater Uian when it is in its Aphelion, or 
fartheft from the Sun : fo that the Lunar 
Months of one Part of the Year exceed thofc 
of another. 

V. The Linea /fpfidiim of the Moon's Or- 
bit goes forwards when the Moon is in the 
Syzigies, and backwards when in the Quadra- 
tures ; but it goes farther forwards than back- 
wards every Time, io that at length it revolves 
quite round, as obferved above. 

VI. The Excentricity of the Moon's Orbit 
is greater and lefs in every Revolution of the 
Moon I it is greateft when the Moon is in the 
Syzigies, and leaft when it is in the Qua- 
dratures : and confequently while it p^es 
from the Quadratures to the Syzigies, it 
4s encreafing ; and while it paffes from the 
Syzigies to the Quadratures it is diminifhing. 
And if we compare feveral Revolutions of the 
Moon together, its Orbit is the moft Excen- 
trical when the Situation of it is fuch, that 
the Linea jfffidtim is in the Syzigies, and lea0:^ 

when 
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when in the Quadratures. So that when both 
the Moon and the Ltnea Apftdum of its Or- 
bit are in the Syzigies, its Excentricity ihall 
be ha][f as great again, as when they both hap- 
pen to be in the Quadratures. 

VII. The Line of the Nodes does not move 
uniformly backwards, that is, contrary to the 
Order of the Signs ; but when it is in the 
Syzigies it ftands ftill, and moves the faftcft 
of all when in the Quadratures. 

VIII. The Inclination of the Lunar Orbit 
to the Ecliptic (c) is alfo liable to Change ; it 
is greateft when the Nodes are in the Syzigies^ 
and leaft when they are in the Quadratures. 

All thefe Irregularities are greater when the 
Earth is in its Perihelion, than when it is in its 
Aphelion ; and alfo greater when the Moon 
is in Conjundlion with the Sun than in Op- 
pofition. 

IX. There is another Particular in the 
Moon's Motion, which is by fome reckoned 
among its Irregularities; which is, that it 
moves fafter in its Pcrigeon, than in its Apo- 
geon ; but this is not owing to s^ny Perturba- 
tion in its Motion arifing from the Iniluence 

* of 



(c) Some Aftrpnomers meafure the Inclination of the Moon^s 
Orbit to the Ecliptic^ not from the Ecliptic, but from 4 
Perpendicular to that, and fo call its Inclination 85 Degrees 
inilead of ^. And fo of the^ Inclination of the Equator to 
the Ecliptic ; reckoning that 66 Degrees and an half, aad 
not %i and an hal^ as is the mofi afual Way. 
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of the Sub ; but is common to all the Pla- 
nets, and is occafion'd only by its deicribing 
equal Areas in equal Times in an elliptical 
Orbit, as the other Planets do. 

All thefe Irregularities oUervable in the 
Motion of the Moon, naturally flow from the 
Suppofition, that Ae Earth and the Moon 
are retained in their Orbits by Gravity, in 
the Manner laid down and explained in die 
Introduction to this Part, as will appear when 
we have confidered the Phyfical Caufcs of the 
Motion of the heavenly Bodies. 

The only uniform Motion the Moon 
has, is its Rotation about its Axisy which it 
performs the £une Way, and in the fame 
Time, that it does its Revolution about the 
Barth. The Coniequence of this would be, 
that if its Revolution in its Orbit were per^ 
formed with an uniform Celerity, and that 
Orbit were a Circle having the Earth in its 
Center, and alfo if the Ams of the Moon 
were perpendicular to the Plane of that Or« 
bit, the Moon would in all Pofitions turn ex-* 
a£lly the fame Side towards the Earth. This 
is fo obvious as to need no Illufbation. But 
iince its Motion in its Oi^bit is not uniform, 
nor its Orbit a Circle, neither its Axis per* 
pendicular to die Plane diereof, the Moon 
does not keep the fame Face ezaAly towards 
us, but turns it a little, firft one Way, dien 
another ^ appearing thereby fubjedt to a two-' 

fold 
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fold Ubration^ viz. from Eaft to Weft, and 
from North to South. To the one of which 
the two fitd C^aufes abovementioned concur; 
the other is owbg to the diird. And firft 
to illuftrate that Libration which is from 
Eaft to Weft. Let the EUiptical Orbit BBB 
(Fig. 15.) reprefcnt that of tnc Moon, let E 
be the Place of the Earth, and let the Circle 
ABCD reprefent the Moon in its Apogcon 
at A; and for the prefent, let us fuppole 
the Axis of the Moon perpendicular to; its 
Orbit. Then becaufc its Motign about ita 
Axis is uniform, and its Motion from its 
Appgeon the floweft of all ; it is evident, that 
at the Time when it has revolved a quarter 
of the 'Way round its Axis and obtained, 
foppofe the Situatbn FBCD, it will not have 
advanced a quarter part of the Way through 
its Orbit 5 and therefore the Face BCD, which 
was turned towards the Earth at firft, cannot 
now be turned to I the Center of the EUipfe, 
much lefs to E the Place of the Earth, but 
to i&me other Place, as K, on the other Side 
the Center : But when it has advanced to G, 
the (ame Face BCD will be turned towards E, 
tl^t was when the Moon vvas at A ; hecaufe as 
it has advanced half through its Orbit, it has 
advanced half round its own Axis. A^in, 
as it moves quicker in that Part 01 its 
Orbit, that's near its Apogcon, it will have 
proceeded above a quarter part of' the Way*^ 

through 
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dirough its Orbit, and fo will have got into 
the Situation HBCD fuppofe^ when it has 
turned a quarter round its Axis ; and that 
Part of the Moon which was vifiblc when 
the Moon was at A, will be turned towards 
K, as it was when the Moon was at F. 
And it is obfervable from the Figure^ that 
Ac Face BCD, which was turned diredtly 
towards the Earth at E^ when the Moon 
was either at A or G, is, when the Moon is 
at F, turned to the Right ^ or towards the 
Weft, with rcfpeft to a Spectator viewing. 
it from E ; but to the Left^ or towards the 
Baft, when the Moon is at H. And this is 
the firft kind of Libratien which was to be 
explained. As to that which is from North 
to South, it mav be thus illuftrated. Let HI 
(Fig* 1 6.) reprefent the Plane of the Moon's 
Orbit, being fuppofcd to be feen edgeways; 
let E be the Place of the Earth, and let the 
Circle AMBm reprefent the Moon, the Line 
AB being its Axisy and Mm one of the 
Parallels of its Equator ; and when the Moon . 
is at H, let the Point M be that which is. 
turned dircdlly towards the Earth, Now when 
tjie Moon has revolved half round its Axis^ ^ 
which will be when it has got to I the op- 
pofite Point of its Orbit, the Point M will . 
be found at ;-«; but bccaufe of the Fatal-: 
lelifm of its Axis^ not this, but fbme other 
Point, as N, is that which is turned diredtly 

towards 
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cowards the Earth at E ; £0 that to a Spedator 
at E, the vifible Part of the Mqcmi librates 
from North to South, and returns to its place 
once in each RevolutkMi, one of the Poles 
as A being only vifible, ^en the Moon is in 
one Part of its Orbit, fuppofe at I5 and the 
Po!e B only when it .is at H ; becaufe the 
Circle reprefented by Ae pricked Line C D 
terminates the View of a Spedtator at E, in 
either Situation of the Moon (a.) 

As to the Surface of the Moon, whoever 
views it with a good Telefcope, will perceive 
ibme Parts of it (hining very brig^, while 
others are as dark and obfcure. The bri^t*- 

M er 



(a) It may be worth confideHng here, ^at kind of M9- 
tioB the Earth fifcems to have to the Inhabitants of the Mooi|» 
if any (uch there be. And iirft, we will fuppofe that tjic 
Kemifpherey the Moon turns towards us, is always exactly die 
fame. In this Cafe it is evident, that to ftx:h as Hve in the 
Middle of th^t Hemifphere, the Earth mail always feem to 
be diredlly over their Heads ; becaufe a Line drawn from 
die Center of the Moon duough the Place where they are, would 
pafs thnougk the Earth : and to fuch «s liw at the Extremity 
of that Heroifphere, the Earth muft always appear, in their 
Horizon, ^ut fince the Moon, as feen from the Earth, has 
theie libratory Motions abovenayentionM, it is impoffiUe t&at 
die Earth Ihould always appear diredUy Vertical to the one, 
or in the Horizon of the othet ; but muft feem always nearly 
^t the fame Degree of Elevation ; continually Ihifting it» Si- 
tuation from £& towards the Weft, and from Weft towards 
the EaU, and at the fame time from North towards the South, 
and from South towards the North, according as the Libra- 
tion of the Moon, as feen from the Earth, is made in ttiat 
Time- 



84 Of^ the PhaBnomena Part IV. 

cr Parte are thought by fome to be Land, 
the other Water ; becaufe lels Light is re- 
fle£ted from Water than from Land. But 
Keil is of Opinion, that fome of thofe darker 
Places may be occafioned by the Shadows of 
higher Places falling upon them, and others 
may confift of a Soil of a darker Colour, 
that reflefts lefs Light than the x^^(b). How- 
ever this be, it is mod certain, that there 
are Mountains in the Moon, and thofe very 
high ones. For when the Moon is viewed 
through a Telefcopc, the Line which fepa- 
rates the illuminated Hemifphere from the 
dark one does not appear ftrait when the 
Moon is halved^ or uniformly bent when it 
is horned or gibbous, as when we view it 
with the naked Eye; but feems jagged, 
broken, and uneven \ which evidently fhews 
that its Surface is fo too : For if its Surface 
were fmooth and even, no Reafon could be gi- 
ven why the Light of the Sun fhould not 
reach as far in one Place as another. But 
the Boundary of Light and Darknefs in the 
Moon is not only thus jagged and uneven, but 
fome Parts even within the darkened Hemi- 
fphere, that lie near the Edge of it, are en- 
lightened by the Rays of the Sun long before 
fuch as lie nearer the dluminated Hemifphere, 
and continue fo till after the Parts about them 

are 

(h) See his AftronOmy, Lcdt. X. 
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are ia the Dark. TbeS^ tfaoefive can be no 
otber dun the Tops of hi^ Mountains^ on 
which the Son fliincs as it does on thoteon 
Eardi, both before and after it is vifible in 
theVallies below. The peqiendicular Hc^t 
of a very remarkable Mountain in die Moon^ 
called Sl Katharine (c)^ has been found by 
Menfuiation to be nine MUes, whidi is diree 
Times that of die h^eft Mount^ we have 
upon the Earth ^^^ 



frjSee the Names AftraiiQnicvs have diftingiuihed the Puts 
of the M OQo by , in a Figuie annexed to the Lediue referred to 
in the ibregobig Note. 

j(d) The Method of Meaforing the Hdght of a Mountain in 
the Moon is thb: Let ABDE(Fig. i7.}nprerenttheMoon,Cit3 
Center, 8 A a Ray of L^ht fi:om the Sun, ABD the Qlominated 
Henu^here, AEDtheduk one, F the Top of a Mountain be* 
ginning to be illnminaltd. Then with a Telelcope in which 
there is a Micrometer fixed, let the proportioQable Lengths of 
the Lines FA and AD he taken. Then becanfe the real 
liength of the latter, which is the Diameter of the Moon 
is Imown, the true Length of the former will alfo be had. 
Since thai the Line SAP is a Tangent to the Moon, the 
Triangle FAC will be a right-angled one, and F C will be 
its Hypothende, whqfe Square being equal to the Squares of 
the other two Sides, it may from thence be alfo known. 
Now if horn this we fubftra^ the Semidiameter of the Moon, 
^e Remainder is the perpend^Ur Herght of |he, Mountain, 
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CHAP. IX. 

Of the Eclipfes of the Sun 
and the^yioGsx. 

AN Ecjipfe is a Deficiency of Light in 
fome of the heavenlv Bodies, occafi- 
oncd by the Interpofition or fome other be- 
tween that and the Sun. Thus when the Moon 
paflcs through the Shadow of the Earth, it 
bemg by that means deprived of the Sun's 
Lights lofes its Brightneis, and is then faid to 
funer an Eclipfe. So when the Moon is in- 
terpofed between the Sun and the Earth, Ac 
Sun being in Appearance deprived of its Lights 
is faid to be eciipied ; though it is the Earth 
which is properly fo, that, and not the Sun, 
being the Body where the Light is wanting. 
One primary Planet is never eclipfed l^ 
the Interpofition of another j becaufe they 
are fo foiall with refpedk to the Magnitude 
of the Sun, that the Shadow of any one dF 
them ends in a Point before it reaches the 
Body of another. Thxis when the Earth ]& 
in terpofed between Mars and the Sun, its 
Shadow vanifhes before it reaches toMars. And 
even when the Moon is interpofed lytween 
the Sun and the Earth, if the Earth be in 
its ; Penbeliott, and the Moon in its jipogeon 

at 
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at that Time, the Siadow of the Moon will 
not read^ the Earth, and io the Moon will 
not feem to cover the whole Body of the Sun, 
but appear as a large dark Spot, furrounded with 
a Circle of Light proceeding fix>in the Limb 
or Edge of the Smi. 

From what has been obferved it appears, 
that there can be no Eclipfe of the Moon, 

f but when the Earth is interpofed between it 
and the Sun, that is^ at the Time of its Oppo- 
lition, or v^en it is Fulli nor any of the 
Sun, except when the Moon is between the 
Earth and the Sun, that is, at the Time of 
its Conjunction with the Sun, or when it is 

I New. And the Reafon why thefe Eclipfes do 
not happen at every New and Full Moon, 
is, becaufe, as was obferved above, the Plane 
of the Moon's Orbit is inclined to that of 
the Earth's, fb that the Moon is fometimes 
above the Ecliptic, and fometimes below it, 
at the Time of its Conjundtion with, or Op- 
pofition to the Sun, in which cafe the Sha* 
dow of the one paffes above qr below the 
other (a). 

The 

(€) It is not reqiiifite to conftitute an Oppofition or Con- 
jundtion of a Planet with the Sun» that it be in a right Line. 
chat'-pafles through the Sun and the iBarth i it may be in 
any veg^ of Latitude it is capable of, aod is nevertheleia 
faid by Afhtmomers to be in Conjundtion or Oppofition with 
the Sun, provided it be in the fame Part or tl^ Zodiac^ 
that is, if it have the fame Degree of Longitude therewiih. 
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The only Time therefore in which Eclip-^ 
fcs either of the Sun or Moon can happen, 
muft be when the Nodes are in or near the 
Syzigies,^ that is, when the Line of the Nodet 
points towards the Sun. Now if the Line of the 
Nodes always pqinted towards the fame Points 
of the Hcavejis, or remained parallel to itfelf, 
then the Sun appearing by means of the Earth's 
Motion t6 run through the Ecliptic once a 
Year, it is obvious that one Extremity df this 
Line would point towards the Sun each half 
Year : but fince this Line has a flow Motion 
contrary to that of the Sun, by which it re- 
volves round in nineteen Year%as obferved above, 
it meets the Sun with one or the other Ex- 
tremity before it has got quite half round, 
and fo points towards it twice in fomewhat 
lefs than half a Year : So that it fometimes hap- 
pens that it points towards the Sun three timer 
within the Space of a Year, which is as oft 
as poflible. And it frequently happens, that 
the Sun being in its Approach towards one 
of the Nodes at the Time of the New or 
Full Moon, and near enough to occafion an 
Eclipfe then, the Moon (hall get about to the 
other Node, before the Sun be too far re- 
moved from the former, and fo there will be 
another Eclipfe then. Upon which account 
it is poffible there may be two Eclipfes, while 
the Sun is pafling by either Extremity of the 
Line of the Nocfes ^ the one of which (if it 

be 
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be at the New Moon) will be an Edipie of 
the Sun^ and the other will happen at the 
next Full Moon^ and will therefore be an 
Eclipie of the Moon ; or if the firft be at the 
Full, the other will be at the New. But if the 
Moon be within a Day or two of palling thro* 
one of its Nodes at the Time of its Con- 
jundlion, it will pafs by the other without 
fuflfering an Eclipfe there. 

When it haj^ns that the Moon is in one of 
its Nodes at the Time of its Oppofition to the 
Sun, then is it faid to be centrally cclipfed^ 
its Center being then in a right Line with 
thofe of the Sun and Earth. In this Cafe it 
|| is alfo totally eclipfed, every part of it be- 
ing hid from the Sun*s Rays. But the Sha- 
dow where the Moon pafles through, is about 
, three times as broad as the Face of the Moon, 
fo that it may fufFer a total Eclipfe, though 
it be at fome Diftance from the Node at 
the Time pf its Opppofition ; an Eclipfe 
therefore may be totals when it is not a 
central One ; but an Eclipfe of this Kind 
will be of fhorter Duration than the former. 
Farther, if it be fo far removed from the Node 
that a Part of its Difk only falls into the Sha- 
dow of the Earth, it is faid to be a par^- 
tial Eclipfe, and is of fhorter Duration than 
the former. If the Moon be above 13 De^ 
grecs from the Node, there is no Eclipfe. 

The 
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The Duration of a central Eclipfc of the 
Moon, is about 4 Hours ; the firft of which 
IS taken up in entring the Shadow, two 
more it continues quite immerfed therein^ 
and the fourth is fpent in getting out. 

What is here faid, may be illuftrated in 
the following Manner. Let AB fFig. i8,) 
reprefent a fmall Portion of the Plane of the 
Earth's Orbit feen edgeways,^ CD a part of tlie 
Moon's Orbit, and let the Point where thefc 
Lines crols each other be one of the Nodes, 
and E,E,&c. the Shadow of the Ean;h paf- 
ling along die Ecliptic. If the Moon tails 
into the Shadow at N, it is both a total and 
central Eclipfe; if at O, it is total, hut 
not central J if at P, the Eclipfe is onty 
partial. And if the Moon is at Q^at the 
Time of its Oppofition, it then pafles by- 
the ^adow without being eclij^d at all (h). 

As all opake Bodies when illuminated by 
the Rays of the Sun caft a Shadow from them, 
fo they have alfo a Penumbra^ which is an 
imperfed kind of a Shadow every where fur- 
rounding the former, and growing larger and 

larger, 

(b) We have hitkerto fuppofed that the Shadow of the 
Earth reaches the Moon, as it would do, were it not for 
the Atmofphere of the Earth, which by reira£Cing the Sun's 
Rays as they pafs through it towards the Earth, throws them 
into its Shadow ; which refracted Rays falling upon the Moon 
tender it vifible to ua, altho* placed within the Limits of 
the Shadow, and is theXkcafion of that reddiih Colour, with 
tvhich the Moon appears at that Time. 



1 
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larger, as we recede from the Body. As the 
odier is* owing to a totaj Interception of the 
Rays of Light, this is occafioned by a partial 
one. The i pdi Figure will explain this bet- 
ter. 

Let ABCL reprefent the Body of die Sun, KI 
\ the Earth,and MN the Moon; and let the Lines 
AM, BM, ^c. be drawn as in the Figure ; then 
will the Space MNFG, within which none 
of the Rays can come, be the Shadow there- 
of. But it is evident that befides this there 
are other Spaces, viz. MDE and MEF, G?r. 
within which but Part of the Sun*s Rays can 
come > and the nearer diofe Spaces are to the 
Shadow, the lefs Light they are capable of 
receiving. The Light which falls within thefe 
Spaces is called the Penumbra. 

This being premifed, we may proceed to 
confider the different Kinds of Solar Eclipfes, 

The Moon being fmaller than the Earth, 
and having a conical Shadow, as being 
alfolefs than the Sun, a very fmall Part of 
the Surface of the Earth can be covered by 
the Shadow of the Moon at the fame Time, 
though, as obferved above, the whole Body of 
the Moon may be involved in that of the 
Earth; fo that an Edipfe of the Sun is vifible 
but to a few Inhabitants of the Earth, where-^ 
as one of the Moon may be feeh by all that 
live on that Hemifphere of the Earth that is 
turned towards it. 

N In 
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In order lo cooftitute a central Eclipie of 
the Sun^ Jt is not necefTaiy that the Mooa 
iboHld be exadly in the Line of the Nodes 
at the Time of its Coajundion ; for it is fuf- 
ficient to denominate an Eclipfe of the Sun 
central^ tfa^ the Center of the Mxxmi be 
^tredly betwixt the Center of the Sun aqd 
the Eye <3f che Spedator : forto him the San 
is then centrally edipfed. But iincetl^ Sha- 
dow of the Moon cm cover but a fmall Por- 
tion cf the Earth, it is obvious this mai" hap- 
pen when ^ Moon is not in one of li^ 
Ixodes. And not only this^ but the Sua may 
be eqlipled cefOraUy^ totally^ partially^ and not 
0t ally at the lame time. For inftance, ^hen 
4ie Moon is interpofed between the Son ^id 
the Earth, to thofe who live where the Cen- 
ter of the Shadow pafles (as ux the fii(fiddle 
between F and G in the lafl: Figurre) 
the Sun will be centrally jsclipfed ; to Siofe 
who live wkhin the Shadow^ but not in th$ 
Center (fujppoie nearer to F ^an G) tafaJfy^ 
io (bofe whQ iive in the Penutftbra^ as betw^ea 
F and D, or G and Impartially^ and that more 
«r kis ds ^they live ntaner ^or ^ther &om 
the Shadow; to tho£b who Uve without the 
f^enumha^ as between P and K, mt at 

BiM at 4he Shadow pafies akapig the Suiv 
i^S^ of i^ Earth, diifereot Inlbbi^ts^ rad 
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Aofe Tcry diftant ones, will fee the fame khid 
and degree of Eclipfe, though not at tfatQ £tme 



(d) Per ^ Metkod of prediafaig ficFipfo, te JMS Met^ 






C H A P. X. 

0/* M^ Pbaenomena ^^ ths SatelKtcg 
of Jupiter and Saturn, their Eclipf 
fes and' Occultations : Ji^nd ^Ifo of 
Saturn'^ Ring. 

THE Satellites pf Jupiter and Saturn 
are fubjed to the fame kjnd of Mo- 
tion with the Moqn, except that their Or- 
bits, as far as can be coUeSed from the Ob- 
fervations of Aftronomers, are circular, or ve- 
ry nearly fbj and therdfore, if we fuppofe 
them to be feen from their Primary ones', 
they will exhibit nearly the lame Phenomena. 
AH the Satellites of Saturn revolve about 
it in almofl; the &me Plane, viz^ that of 
its Ringi excepting the fifth, the Plane of 
whofe Orbit deviates a little therefrom. Thofe / 
of Jupiter movis alfo in a Plane that is pro- 
per to theoifelves. apd nearly coipci^ent with 

N 2 that 
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that in which Jupiter itfelf moves aboat the 
Sun* 

Thcfc Planets, viz^ the Secondaries both 
of Jupiter and Saturn^ when viewed from 
the E^h, appear to have their Progreflions, 
their Stations, and Retrogradations different 
from thofe of their Primaries ; that is, 
when a Primary is progreflive, its Secondary 
may be regrdHve, or othcrwifej and 'oice 
n)erfa. For inflance, when a Secondary is be- 
yond its Primary, that is, in its fuperior Con- 
jundtion with refped: to the Earth, it fcems 
to move according to the Order of the Signs ; 
but when it is in its inferior one, it feems 
to move the contrary V^^ay ; and when its 
progreflive Motion is changing into a rcgreflive 
one, the Planet appears ftationary. 

To illuftrate this ; let S (Fig. 20.) repre- 
fent the Sun, I the Planet Jupiter or Sa- 
turn^ BCG the Orbit of one of its Satellites, 
and let EPF be the Orbit of the Earth. While 
the Satellite pafles through OHB, the fupe- 
rior Part of its Orbit, it will appear from the 
Earth to move the fame Way with its Pri- 
mary ; but while it moves through the re- 
maining Portion BLQ, it will feem to go 
the contrary Way ; as is evident if we con- 
lider that its Motion in its Orbit is quicker 
than that of its Primary. 

Thefe Satellites and their Primary ones mu- 
tually eclipfe each other in the fame man- 
ner 



J 
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ner in which it has been ' (hewn that the 
Earth and the Moon do. But there are three 
different Cafes in which the Secondaries dif«- 
appear to us. The One is, when a Seconda- 
ry is diredly behind the Body of its Primary 
with refped to the Earth; this is called aa 
Occultatton of the Planet : Another is, when 
it is diredtly behind its Primary with relpeft 
to the Sun, and fo falls into its Shadow, and 
fujffers an Eclipfe, as the Moon, when the 
Earth is interpofcd between that and the Sun. 
The laft is, when it is interpofed between 
the Earth and its Primary ; for then it can- 
be diftinguiflied from the Primary itfelf. All 
which may be illuftrated in the following 
Manner. 

While the Planet defcribes OHB, the fupe- 
rior Part of its Orbit, it is capable of difap- 
pearing twice ; once when its Primary is in- 
terpofed between it and the Earth, as when 
it is at G or K, or fome intermediate Point, 
according as the Earth is (ituated at that 
Time; and alfo at H, where it is involved 
in the Shadow of its Primary. When the 
Earth is between F and Q, or F and P, 
diat is, when the Sun is to the Eaft ward of 
Jupiter^ the Eclipfe of the Secondary happens 
firft, viz. when it pafles through the Shadow 
at H ; and the Occultatton afterwards, when 
the Planet lies hid at K. When the Earth 
Is between E and Q, or E and P, the Occul- 

tation 
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tfltiofi if fifft, and the Eclipfe afterwardsf. While 
ic pa£k8 through Hat inferior Part of its Qr^ 
bit, it diiappears alfo, according to the Sitoa- 
tton of die Earth, either at D or C; or when 
it is betweoi thc^ Points, being diredly be- 
tween the Earth and its Primary, and there- 
fore not diftinguifhable from the latter. When 
the Satellite is at L in Conjundlion with the 
Sun, its Shadow falls upon its Primary, and 
eclipfes a Part of its Difk, in like manner 
as the Moon, in the like iSituation with re^ 
iped to the Earth, eclipfes a Part of that {a). 

As 

(a) Prom tbeOcodtalioiis tad Bdipfoi of tlw Sai^t€»of 
Jupiter y three notable Problems are determined : ihk. i . Tlie 
Parallax of the Orbit of the Earth in chat Planet, and there- 
by (as we obferved Chi^. VII. In the Notes) its Difbmtefrqm 
the San. 2. The fiicoefive Plropagation of Light; and 3. The 
Longitude of Places upon the Eirth. 

1 . The Method of finding the Parallax of the Oririt of the 
Earth, is this: Letthe Interval of TiMe which lapfes between 
the Middle of an Occnltation of one of the Socandvies, fop- 
pofe at G, and the Middle of its Eclipfe afterwards at H« 
Vihv^ is the Time the Planet defcribes the Arch GH in, be ob- 
ferv^. The Time then of its whole Ra^olntian being known, 
that Arch itfelf may be hid, which is the Meafiifeof the 
Angle GIH, or its equal EIS, which is the Parallax of ^ 
Orbit of the Eardi in that Pkmet. 

2. If Light were u^antaneau, a SpedatoT at P wwM 
fee an Eclipfe of one of the Secondaries of Jnfiter, at the 
iame Time that he would do if on the contrary fide the Sun 
It Q;^ Bat it appears fiom Obferratms^ diat when die Eardi 
is at (^ thoTe Eclipfes haf^ien iboner, and that when it is at 
P th^ happen later than they ought to do by Gomptttadcn. 
Which fliews that Light takes ojp fome dme in palfing from 
Q^to P. Prom Obfiairatiods of this kind it fias been eom* 
pated by Remery that Light is eleren Minutes in paffing from 

tho 
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As to the Pb^tnmena of Saturm*s Ring, it 
k ohi^abk^ i. Tlut its IndioAtiQn to tb$ 
Plane of the Ecfiptic is about 31 Degrees: 
Z. That the Thicknefi of it is i^nfihki atil 

thece&re 

the Sua io us ; viiich is optBards of ^i Hffflions «f Ifiltts 
But it luis fince been found 1^ the more aonirate Obfery»» 
tms of ctliM, that it pailes over duit SpAoe in abpat 7 
MuMttei. 

3. The LoBgitade of & PUor istts Difiance Baft xxr Weft 
•f ^ome other Flaoe ; ^nd as flaces lie mQre or Ids Baft ttr 
Weft one of ai»ther, the Hoar of die Day 11 one is «iom 
or kfs jdifoent from the Hour of the Day m the other. 
That isy as Places dii&r in point of Longitude, fo they d9 
pFopenionehiy in theur Account of Time. Fori inlbuice, if 
a Place lies fifteen ]liE;gicct «p the fiaflwwd Af ansAer, it 
is one Hour pafk Mid-^y thereat when it is but Mid-^y at 
the other: The Reaibn is, becaufe the Sun is an Hour in 
inffing over each fifteen D^rees of its daily Courfe. In like 
Manner, if a Place lies fb many Degrees to the Weftward 
of another, the Sun dimes m Hour }at^r to that Place than 
to the other ; fo that it is but Eleven of the Clock there, when 
it is Twelve at the other. And fo proportionably for any o- 
tber Diibnce. If ihere&Beat two rlaces it be obferved at 
what Hour the be^nning of an Eclipfe of one of Jupiter*% 
Satellites kappens at each of them, and if that Hour be not 
the fame in both, Ae Difierenoe will ifaew how f^f diofe 
Plaoes lie Eaft or ,Weft of one another. Or if inftead 
t>f the Obfervation ' at one of the Places, an Almanack 
tejmade ^sfe of, that&ews die Time when the SdlipTe will 
hajppea at that Place, 4Uid tha^ l^mt be coomixd ^ith th^ 
Tune of its happening ^obferved at the pother. Place, the Dif- 
fences between thofe Times> If there be any, wfli fhew t)ie 



^is MethiKl visnr laxiely fucceeds r^t S»,i)ecaule theTpf- 
fing of ihe Ship is incooiiftent .with the Accuracy required 
lft^9Mirvati|ns 'di dus kkd. 

The J%e pinf ht doi«e i^ .^etving jbhe Time inhea tfi 
^9^ irf th^ A^n happens^ (or when U jconies <p a fii»d 
"Stur : Hot Ihefe axe l£anmen4 that are mudi lefs fte^aent 
the other. 
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therefore when it is fo fituated, that the Plane 
of it, if produced, would pafs diroughthc 
Earth, it becomes invifible. Neither is it 
to be feen when the Plane of it paflcs be- 
tween the Sun and the Earth ; for then the 
Sun (hines upon that Side of it which is turn- 
ed from us ; in which cafe, the dark Side 
being next the Earth, jt is not perceptible to 
us. But in this cafe a black Lift o^ Circle 
appears to encompafs the Planet, which in all 
Probat^lity is no other than the Shadow 
of the Ring thereon. The Extremities of the 
Ring whidi appear on either Side the. Planet 
are by fome called its Anfa. 



CHAP. XI. 
Of the Comets. 

THE Comets are opake, {[^erical^ and fo- 
lid Bodies like the Planets ; and like 
them perform their Revolutions about the 
Sun in elliptical Orbits, which have the Sun 
in one of their Foci. The Particulars in which 
they differ from the Planets, are,that they move 
in various Directions, feme the lame Way 
with the Planets, others the contrary ; neitho: 
are their Motions confined within the Zo- 
diac^ their Orbits admitting of any Indina« 

tion 
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tioQ to the Ecliptic whatever : And ihe £x- 
•ccntricily of their Orbits is fo very great, that 
£>ine of the Comets peifenn the greateft 
Part pf their .Motion almofl in ng^t Line^ . 
tending in their Approach lo the Sun almoflt 
^direftly tovvards it, after which they pafs hj 
it ; and when they leave it^ roarch 07 agaifi 
iiearly in a right Line, till they, are put p^ 
^ht, as' \i they were ^lailening l^ack to>tI^ 
fixed Stars j^ and jetuiQ^npt tinker a Period 
iof many Yrars (a). • 

As theCSpmets approach tiie Sun^their Motiofi 
grows prpportioiiably fwifter, fdr^ey deicribc 
equdl Jireas in eoual Tinges about, its Centex; 
as the Planets do.. ", Hence it is, that whe(i 
they arc in their Perihelia^ that is^^ at thejr 
teaft Diftance from the Siin, their Motion 4s 
immenfely fwtfter than when they are in then: 
jiphelia^ or greateft Diflance from it. This is 
the Czxxk that thqr are vifible to - us for £> 
.^ort Si time; and whm they, diiaj^pear, arc 
{o l(mg before they come near enough to be 
;fecn again (t)^ > . : ' * .] 

O . The 

J ^A^SeeaPojdonofthe<?rbitoraCQmet jdcr&ed^nate^^ . 
-Piff. I. at iJfcd, 

\i\ l^rom the Obfenrations of Aftronomers, it feems probably 

thattiie (hornet which ^jipean^d in the Year i^Sa-wa* the fame 
, which was feen before in the Year 1607, and the Year iSSJ» * 

and therefore may be expqfted again in the Year 1758, afcer 
> Period of about 151 Yean. And that thesreat Comet 

which appeared in the^ Year 1680 was the iame that was (^ea 

inthcTimcof .K.iSirffryL in^Ycar 1106, and in 531, ^ 

in 
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The Ancients wcfc divided in their Opinions 
concerning them, fome confidering them as 
wandring Stars^ pthers as Meteors kindled ia 
the Atmofphere of the Barth, fubfifting for ai 
TTime, and then diffipatcd : others looked upoa 
them as otnlnous Prodigies. But it is put 
beyond all doubt by the more accurate Obfer- 
vatioris of the late Aftronpiiiers, that they arc 
a kind of Planets. That they are hot Meteor? 
is obvious, for if they were, they cquld not 
bear that wft l|eat» which fome of them ifi 
their Peribelia receive from the Sun.. The 
great Comet which appeared in the Year i68p 
"was within a lixth Part of the Sun's Diameter 
from its Stfiface, and therefore muff acquire 
a Degrefc of fleat intenfe beyond all |wagi- 
jiatiofa Y^^. 

As 

\ti the forty fpurtH Year before Chrift, in which ^«//«/ dtfrr 

'vfiA ihurthered. If fo^ then the Period of this- Comet is 

'^bout 575^Year$. There are between 20 and 30 that^ hav^ 

appeared iincc the' Year 1337, out no two Appearances fceifi 

to belong to the fame Comet, except thofe .abpyeraentioned. 

iSee^r. Hall^\ Synopfis of the Albronomy of Comets, pablifhe4 

at the End of Gregory^s Aftronomy, in which there is a Tabl^ 

JBxpreffiog xhe Motions of all the Comets that iiave i)een hi- 

• thertb doly obfervcd. The Cdpiet of 1680 was in one Pa^t 

«f its Orbit within half the Sun's. Breadth of the Way of 

•the Earth. * 

[c) One Mfthod by which Aftronoroen invcftigate the ap- 
; yarent Cburfe of a Copiet, is this : They obfervc what two 
Stars are dircfUy one on one fide of the Comet^and the other on 
the other; which is dpne by holding op a Thread between theEyc 
; nd the two Stars, and extending it in fuch manner, as that it ih4] 
ftem to crofs eath Star : then they look out two other Stars in 

(uch 
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As to diole Pbanamaa of dnn whidi a^ 
riie from the Modon of tbe Edrth; they 
^^ee in a great Meafure with thofe of tl^ 
Planets* For inflance. thofe Comets whieh 
move accordiog to the Order of the Signs, a 
little before diey diiappear, become iume than, 
ordinaiily Jlow or retrograde^ if the Earth aC 
that time be between them and the Sun i but 
more than ordinary fwift, if die Earth be oa 
the oppodte Side : and the reverie of diis 
happens to thofe which itiove contrary to th& 
Order <^ the Signs* This is occafioned by^ 
the Modon of the Earth, as vras obienr-*: 
ed of the fuperior Planets: For when thft 
Earth goes un^ ^nne Way with a Cornet^ 
but with a fwifter Motion^ the Comet &ems 
retrograde ; when with a flower Motion, the 
Comet's apparent Motion becomes flower; and 
ivhen the Earth moves the contrary way, it 
becomes fwifter. . 

Few of the Cpmets are to be feen in their 
Accefs to the Sun, but in their Recefs ap-« 
pear with long fiery Tails, pointing dife(3ly« 
QX nearly fo, towards that Part of the Hear 

O 2 vcn* 

fttch Situation alfo, that the Comet (bill appeal lit % list 
that pafiei from one to the Other ; whidi are found as biiSre t 
then they eiitend a Thread updn the cekftial Qlobe, SmI 
one of the two lirfl: Surs to the other s a^d another .Thread 
fk>ro one of the two laft Stars to the other : and the Point on the 
Globe where the Threads crofs is the apparent Place of*di< 
Comet at the- Time the Obfervation was made* TJii» they dt 
dtail/, 8n4 ^ trace out its apparent Courfe in the^Heavensi 
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vttis wfedh with rdpcft to the Comet is op- 
^fite to the Son. Some are vifible before 
tfeey reach l9ie Sun, and begin to put forth 
^eir Tails, which at firft are fhort and thin,^ 
ftldom exfeeeding fifte6) or twenty Degrees in 
Length, but grow lon^ . and denfet* as the 
Comet cotnes nearer the Sun. If die Comet! 
w£k% very near the Sun, it then fends forth fiery 
Beams of Light every Way* After this it puts 
forth a T^ forty,, fifty or fixty Degrees long^^ 
which as the Comet i^cedes rarther from the 
Sun, continually diniiniih&s bodi in Length* 
and Spiehddr ^ but is la;:ger arid longer at any 
DifUhed ih its Recefs from the Sun, dian at 
ah equkl 'Diftahce ill its Accefs to it. 

TWs gf eat Splendor ahd'Lengdi of thelTaifei 
%\f ybae i^ton thinks atifes from " the Heat 
Which die feiih commtinicates ta the Comet ai 
ifc pajletf Hih¥it '/ and afccounts for it after thd 
f9ll9wing Manner. As the. • Afcent of tiitf 
Sinoafei Ih \ Oiinincy -is o>ying to'the Itor 
pfllfe of ihe- Air, witti which it is ^tangled 
(for tbi' Air about a Fife being rarcfibd fey the 
Hfeat thereof, has its fpeciiick <3ravity- therebj^ 
ftiidered lefs than that 6f the more diflant 
Air: Upon this account ifc afcends, and.car-^ 
f iiel dlohg with it the Smook with which it is 
^^agedji^ in. like manner he thinks the Tail 
bf'^i • Corftet; may rife from the* Atmofphefc 
ttfcreof intothofe Paf ts which are oppofite to the 
SU9i Jbekjg carried up by the ;®ther about thi 
---'-^ ^ •^•- Gomel; 



fi 
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Comet,rarefied to a very great d^rec by UieHeat 
thereof. Aiid dunks his 0[uiiion greatly cdn«. 
firmed by thcAppcarancc of ibeTailss for when, 
accurately obterved, th^ are found lidt to rHe 
always in a Dire^on preciiely oppofife to the 
Sun, but to deviate or indite a little from 
tbence towards thoie Parts which the Coinet 
has lately kft $ and not only fi>, but to be 
bene into a certain CufVatlire, ihe Extrenii<» 
ties of 'tbe Talk deviating from thft trueOp^ 
^don . more in proportibif than the other 
Parts ;; and to be ijiore denfe fetimingly, and 
Setter Refined on die convex, than on flie con- 
Cgtvfc\8i(fc: And iarthei", that the longer 
the TaiJ- is^ Ae Wore foiiible is die Cur^* 
Mature, as bemg the greateft at the greatefl: 
Kftiuice from the Bcxly bf the Comet. Upoa 
ihefe Accounts he, thinks It ^videiit^ thiat the 
Tbcenomena of the Tails of Comets depend 
on the Motion of their Heads, and that the 
tieads fiimifli the Matter- which forms* the 
Tails. For as in the Atmofpherc of the 
Earth, the Smoak of a Body afcend§ perpen- 
^cuiarly if" the Body be at reft,, and obliaue-* 
iy if the Body be moved any otherways uiant 
direftly upwards^ or downwards > fb in the^ 
!]Fleaven$, where all the Bodies gravitate tov^rdi 
the Sun, Smoak and Vapour muft afcend from 
thl^ Sun, and nfb perpendicularly^ if the finoak-^ 
lag Body be ^ at reft ; and obliquely, if the 
Motion of the Body be oblique to tib^ DIt 

rectioa 
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rpdlion the Vapour afcends with. And becaufe 
die Force by which the Vapour afcends, ]& 
ftrongeft near the Body of the Comet, the Ob- 
liquity with which it aicends wiU be the 
leaft near the Body, and greater at greater 
Difiances, and confequendy the Column will 
be incurvated or bent towards ifaoie Parts the 
Comet leaves: And becaufe the Vapour, in 
the preceding Side is ibmething more re^ 
cent, that is» has aicended ibmething more 
lately, it will be fomethmg more denfe oa 
that Side, and on that account muft refieiS: 
more Light, as well as be better defined ; the, 
'Vapour on the other Side languifhing by de« 
^^^ and vanifhing out of fight {i). 

This is the Sentiment of Sir Ifaac Newtonir 
but I muft beg Leave to difier from him in 
this Matter. For I think it fomewhat im^- 
probable on account of the ^reat Rapidity 
with which Comets move, ttot the ^ther 
diffufed throughout.the heavenly Regions fhould 

gravitatt 

(J) Some have fuppofed, that the Heads of Comets are 
tranfpareiit, and that their Tails are no other than a Beam of 
the Sun tranfmltted through them : But were the Heads of 
Comets cranfparent, they themfelves would fcarce be vifible. 
Others, that they arife from the RefrafUon of the Rays of 
Light in their Way from the Comets to us : Bat if fo, then 
both the Planets and £xed Stars ought to have Tails aUa Ktpler 
afcribed the Afcent of the Tails to the Rays of the Sun car* 
rying the Particles of the Comet's Atmofphere away with them^ 
that iSy' impelling them into the Regions roppoiite to it. Bct( 
we hate. • no IniUnce of any thing in Nature like thk ^ 
this is therefore an Hjf^tbijisxltax cannot be fupported. 
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gravitate fu^cicntly towards the Sun (elped- 
dly at Diftances equal jpcrhaps to twice that 
of the Earth from it) tocaufe the Vapours, 
or the Atmofphcre of the Comets, to afcend 
Lito thofe Parts, towards ^hich the Comets 
are tending. For when a Body afcends in a 
Fluid, as being fpecifically lighter than it, its 
Motion at or neat the beginning of it, is very 
fmall s {0 that if the Fluid have but a fmau 
Degree of Motion the contrary Wav, the Re- 
fiftance thereof will readily ftop tne Afcent 
' of thte Body, and will carry it the fame Way 
It moves itfelf. This is the Reafon die Air, 
^ich caufes the Flame of a Candle to aicend; 
c»i icaicely blbvtr downwards with fo finaU 
a Degree of Motion, or (which is all one) 
Ae Candle itfelf can fcareely' be lifted up 
with fo genil^ to Hand, biit the Flame wu 
turn downwards. How is it then likely, that 
when a Cptoet moves' with an incredible Ve- 
locity (wV. at the Rate of above a thoufand 
Miles in a Minute, as fome of them do at 
Ac Time when their Tails rife almoft diredly 
4i>efore them :) How is it then likely, I fay'^ 
that the iBther fhould by its Gravi^ alone 
iiaife the Vapour of the Comet with fuch Force^ 
as tocaufe it to overcome itS Refiftance, when 
.that ReManee ' arifes from fo great a Rapidity 
of the Comet ? Would it hot rather carry it 
■with it the otber Way ? And if we augment 
the Deniity of the i£ther^ and therewith its 

Gravity, 
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Grwityr t^^{^^fifl^^"^:^f . i^ ^iU be .the 
Tcater t and ip the CaTp will be more 4e-f 
Ipccate ftill, . .If ewe (uppofc^ it; to Jse rjirer, 
it wHl be Ijg^t^,.. and Xo \s& able to haq^ 
^e Vi^urs f^.joff Cjomct up. ." The Qafe4V>q 
tbm is^ how are[ tho/ib TaU^ '^ be acconnted 
£)r ?, My >t^^ue4^ure is.as^llQyi^ :, It is wfl^ 
juiown that'wh^.pe;Light of fh^jSufi f^fef 
through the. Atippfpkre oi Wi'^P^X^. Af 
lATth) th^t,vfl)ich.|»f^ qn^jORe Sicfeistq^tbf 
JRefv^ion l;her|eoJf:ina4e;fft;cqp^yecgf tQ^jraf]^ 
jth^ which, paOps; oa . ^e, fjRpofite <)pe 1 ^ • 
thi$ C^nvergei^^ls^npt whpUy;pne(3^d}eidi^ 
at 'the Botrangp " pfr d^ ii^j into; ^ . jAfer 

'jinog>hcre,{ or ftt^^^ft, go^Jg c<>»^^J .^W As* 
Jjeginmng. at, j?^, ^tranR^iviif; jncfBafi^j i»' 

,ievcry .point of jU.Pr^grel^..;)iIt. i& &iib 4jj 
©Bed on all rHan^s, %t-t^ Alfn9fphci36?.af 
ihe Comets am v?^ lapge ancl defi^. . j[ /$ippo^ 
thisrefore, that,hy;!fi^h tJBje ^-tij^ I'i^t.qf 
the Sun has p#ofi tkropghi % cooad^hl^ ' 
Pqt of the ^jtnaofphere..(j|;;H. . Cornel, i^ 
jRjiys thereof atie:/o far refr^^^towAidsoadl 
Qthef , that thfjy^gow begin ^njShJy to iUiuatf- 
!nate."it; (or rather ftl^; Yapours -flostiflg tbereb| 
and, ife render th%t Part whifh tfe^ havcyat 
!tb rj^s through;: vj/K^^ to iw y ?md th*t thtt 
Portion of the^ Atmoiphere uf a -Comtt 
^lus. illuminated* . app^rs to us, in the Fomi 
pf .a, Beam oftifie'^un's Ught* M»d paflesiiiiv- 
|de^ t^ pee.oiipi^j|pn .cjji. Comet's -Tail. 

Thus, 
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Thus^, when a Blflrniftg-Glafs is expofcd to 
the Skin's Rays, if there be the leaft Smoak 
or Duft hovcfing about the Glafe; the Rays 
of the Sun, as foon as they are brought near 
enough together by the refraAive Power of the 
Glafs, render fo much of the Smoak or Duft 
as tliey have yet to pafs through, very diftin^ 
guifhable from the reft. Indeed, by the accur 
Tate RefleSion of the Glafs, the Light of 
the Sun is brought to a Focus^ wherefore 
the illuminated Space ends in a Point ^r 
but it happens not fo to Rays rcfrafted by 
the Atmofpherc of a Body j becaufe the Ex^ 
treoiities of an Atmofphere do not refrad near 
fo ilrougly as thofe Parts which are near- 
er the Body. Let us now fee how this ^y- 
-pothefis will anfwer the Pbanomena of thp 
Tails. 

1 When a Comet has been in its Aphelion^ 
by means of its long Abfence from the Sun, 
the Vapours wkh which its Atmo^here was 
iuU, are now condenfed and fallen dawn, thp 
Atmofphere itfelf grown cold, fettled into its 
natural State, and reduced to a fmall Compafs j 
-therefore as the Comet approaches the Sun, 
'^ Tail of it is invifible fo us, or at lead: 
appears very fhort : When it com^s into the 
liotter Regions near the Sun, the Atmofphere 
begins to rarefy and dilate itfelf, and new Va- 
pours rifing up into h, encreafe (he Quantity 
of Matter thcrdn, on which account the Tail 

P grows 



L. 
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grows longer. When the Comet is in its Peri^ 
-helion, if it be then very near the Sun,by means 
of the exceffive Heat thereof^ not only the 
hinder Parts of its Atmofphere are ftrongly 
illuminated by refrafted Light, but the other 
Parts of it by the direct Light of the Sun, 
ib that the whole Comet, Atmofphere and all, 
is as it were on Fire; which caufes an infi- 
nite Number of Beams and Irradiations to be 
^ent out from every Part ; in which State the 
Comet is faid to be Hairy. Afterwards when 
the Comet has got to fome Diflance from tho 
Sun, and this great Illumination ceafes, and 
'the Atmofphere is extended by Rarefe<ftion to 
•a monflrous Size, and now more replete with 
•Vapours than ever, which like the Steam of 
•a boiling Cauldron have been continually rifing 
into it, the Rays of the Sun have a great Way 
to go within it, after thc^r are fo far refradted 
towards each other, as to render the Atmo- 
fphere vifible. So that the Tail now appears 
at its greatefl Length ; but from this Time 
•grows continually fhorter and fhorter (as the 
Atmofphere by the Comet's lofing its Heat 
contracts its Dimenfions, and the Vapour float- 
ing therein fubfides on to its Body) till the 
Comet is out of Sight. 

But the greatefl Difficulty is yet behind, 
and that is, to account for the Deviation of 
the Tail of the Comet from thofe Parts which 
are oppofite to the Sun^ towards thofe wliich 
^' . ^ the 
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the Comet has left. For it will mdft certainly 
be thought, that, upon this Hypothefis, the 
Axis of the refradted Rays, which is alfo the 
Axis of the Tail, ought to be in a right Line, 
that pafles through both the Center of the Sun 
and of the Comet. ^ Now if wfe confider the 
exceeding great Rapidity with which a Comet 
moves, and that the Propagation of Light is 
not inftantaneous, this Difficulty will alfo va- 
nifh; For fince Light is propagated in Time, 
that which pafles near the Body of a Comet 
will not, when it comes at the Extremity of 
its Atmofphere, enlighten a Portion of it that 
lies in a right Line drawn through the Center 
of the Sun and the Place of the Comet 
where it now is, but where it was at the 
Inftant when that Light pafled by it : And 
therefore the illuminated Point of the Extre- 
mity of the Comet's Atmofphere, that is, the 
End of its Tail, will not be oppofite to the 
Sun, but always in a right Line, that pafles 
through the Center of the Sun and a Point 
of the Orbit behind the Comet, or which it 
has lately left 5 as will readily appear to a- 
ny one that fliall duly attend to this mat- 
ter. And becaufe this is true of evary other 
Portion of the Tail, in proportion . t J its Dif- 
tance from the ^Head^ me whde * Tail will 
decline from thofe P^rts which are oppofite 
to the Sun, towards thofe which the Comet 
has lately left And thu^ is theabovemen^ 
- P 2 tioned 
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tioned Deviation to be accounted for. But it 
muft not be (foncealed here, that that very 
fucceffive Prop^atipn of Light, which occafions 
tius Deviation, is capable of augmenting or 
diminifhing it in Appearance, or even of entire* 
ly taking it away, according to the Situation 
tnc Comet is viewed from. For, on account 
of the fucceffive Propagation of Light, all 
diftant Bodies that are in Motion appear not 
ib far advanced as they really are ; and the fafter 
they move, and the farther they are from us, 
the greater is the Difference between their real 
and apparent Place. Let us then fuppofe, that 
the Extremity of a Comet's Tail is farther from 
the Eye of a Spe<ftator than the Body of the 
Comet, by n Space equal to. the Semidia- 
meter of the Earth's Orbit, thpn vvill. Light 
be ieven Minutes longer in coming from iihe 
Extremity pf the Tail than from the Head \ 
and therefore the Tail v^ill appear to be far- 
ther bdiind its true Place than the. Cooaet 
does, by a Space equal to that through which 
the ExtreaiiQr of the Tail moves in feven 
Minutes ; and confcquently the jipparent De- 
viation in this Cafe will confpire vvith the true 
one, and render it . in appearance proportion- 
ably larger. Again, when the El^tremity of 
the Tail is nearer the £)arth than the Comet, 
then Light comes quicker from, the former 
than from the latter, and therelope ,^ Comet 
appears &rther behind its true Pts^e ^an t^e 

. i " Extre^ 
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Extremity of its Tail ck)cs, and fo the true 
Deviation appears the Icfs, or not at all, ac- 
cording as the Cafe may Imppen. 

The apparent Deviation of a Comet's Tail 
depends alfo on another Circumftance, inzi^ 
the Situation of the Spe<ftator with refpcd to 
the Plane of the Comet's Orbit j for when 
a Spedlator is in the Plane of that Orbit, the 
Deviation becomes infcnfible to him, as not 
being able to diftinguifh nicely the exaft Dif- 
tances of the fcvcral parts' of the Tail from 
his Eye : the^ farther he is removed out of 
that Plane, the more fenfible it becomes. 

There is another Particular, W2;. that the . 
jExtremides of the Comet's Tail deviates from 
the true Oppofition more in proportion than 
the odier Parts, fo that they are bent into 
^ certain Curvature : and fiurther^ that they 
are more lucid and diftind: on the convex than 
on the concave Side. All which may be ac- 
counted for, if we allow the heavenly Regi- 
ons the leaft imaginabl<f Reiifbnce j for in that 
Cafe, the Atmofphere of a Comet will be fome- 
what denfer on the Side tewards which the 
Comet tends; and therefore the Light which 
pafTes on that Side will fuffer a greater Degree 
of Refra<Sion throughout its whole Progrefs 
along the Atmofphere, that is, to the end of 
the Tail, than fuch as pafles on the other : fo 
that, that Side of the Tail which moves firft, 
wiHi be more lucid and better defined than 

the 
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the other : And becaufe this Refifbnce will 
make the greatcft Alteration ip the extreme 
Parts of the Comet's Atmofphere, the Ex- 
tremity of the Comet's Tail will deviate from 
the true Oppofilion more in Proportion than 
thofe Parts which are nearer the Body ; fo 
that the Tail (at leaft that fide of it which 
moves firft) will become convex. And if the 
Refradbn of thofe Rays which pafs on that 
fide towards which the Comet tends, and on 
that account are mod refradted, be fo great 
as to caufb ^them to crofs thofe which pais 
on the other fide the Comet, before they get 
out of its Atmofphere, their Refradion being 
irregular, they will crofe the other difpcrfed- 
Jy and in feveral Places, which, as is obvious to 
conceive, will neceflarily give that other fide 
of the Tail a concave Form, and render it 
imperfedUy defined. 

Thus I have ventured to throw in a Con- 
jeifhire of my own ; but propofe it rather as a 
Siuere^ than a Solution ; leaving it to be far- 
ther examined into by thofe who may have 
had better Opportunities of acquainting them- 
fclves with Pbanomena of this Kind. Valeat 
quantum valere poteji. 
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CHAP. xn. 

Of the Parallax of the Heavenly 

Bodies. 

THE Difierence between the apparent 
Places of the Heavenly Bodies, when 
viewed from the Center of the Earth, and 
when fcen from the Surface thereof, is cidled 
their Parallax. To explain this. 

Let AB (Fig. 21.) rcprefent a Portion of 
the Earth's Surface whofe Center is C, H V the 
Heavens, and let APN be the Horizon of a 
Spectator at A; and P the Situation of a Planet 
therein. The Place of this Planet among the 
fix'd Stars, as feen from the Center of the 
Earth, will be M, 'which is called its true 
Place : But when view'd by a Speiftator upon 
the Surface of the Earth at A, it appears in 
Ae Horizpn at N, which is called its apparent 
Placd; and the Arch MN, which meafures 
the Diftance between the one and the other, 
is the Parallax of that Planet. If the Planet 
lie above the Horizon, as at Q, its true Place 
as feen from the Center of the Earth is R, 
its apparent Place S, and its Parallax is RS, 
which is lefs than before. From whence wc 
ice, the more the Planet is elevated above the 

Horizon, 
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Horizon, the le& is its Parallax ; and when it 
is got dircdtly over the Hacc of the Spedator, 
it. has no Parallax at all ; for when it is at 
T, its apparent Place in the Horizon is at V, 
whether it be feen from C or A. 

Farther, by how much the more remote a 
Planet is from the Earth, ib much the lefs is 
its Parallax, at the iame Heights from the 
Horizon. Thus if the Planet had been at 
the DiHance C D from' the Center of the 
Earth, its Parallax:, when in the Horizon at 
D, would have been NO ; and when in the 
Line AQj;>roduced, as at E, its Parallax would 
liave been meaiured by the Arch SP^ both 
which are lefs than the former. 

The Angles MPN, and RQSj^ are called 
the parallaSic Angles, fuppofing the Planet 
at P or Q^ and are equal, the firfl: to the 
Arch MN, and the other to the Arch RS : 
They are alfo equal to the Angle APC, or 
AQC, which are thofe under which CA, 
Semidiameter of the Earth that paiTes thsough 
tlac Place of the Spcdator, would appear if 
iiben from the Planet. 

From hence it is obfervable, that the appa* 
rent Place of a Planet is always lower in the 
Heavens than its real one, except when the 
Planet is vertical, or at T. 

As Aftronomers, by means of the annual 
Parallax, of a Planet, that is, the Parallax of 

the 
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the annual' Otbit of the Earthy a& explained 
above (a)^ compute the Diftance. of the Planet 
from the Siin, with refped to that of the Earth 
from thence ; io by means of this Parallax, 
they calculate the Diftance of the Planet from 
the Center of the Earth with refpedl to Ac 
Plftance of the Surface of the Earth from 
Ac fame (h). 

The Sun is alfb liable to this Kind of Pa- 
rallax ; for it is evident Aat its Place among 
Ae fix'd Stars, when feen from Ae Surface 
of the EafA, may be different from that in 
which it would appear if feen from the 
Center of Ae EarA. Now could this Paral- 
lax be determined wiA Accuracy, the exaA 

Q^ Diftance 

(fa) See Chap. VI. and VII. 

(h) The Paralla6Hc Angle APC being known, and the Angle 
VAN, which b meafured by the Arch of the Heavens VN, 
being taken by Obfervation, which gives its Complement to : 
two right ones PAC, from thefe two the third Angle PC A 
of the Triangle APC is had. And confequehtly by the Relation * 
PC (tht Dif&nce of the Planet) bears to CA^ the Semidiameter ' 
of the £arth may be found. 

There are feveral Methods of finding the ParallafUc Angle ; 
one of which is as follows ; 

. Firft, let it be obferved when the Planet is between two 
fix'd Stars which are both in the fame vertical Cirde \ ajid * 
afterwards^ when thefe two Stars appear fituated in a Line that 
is V parallel, to the Horizon^ obferve how much the Planet ap- 
pears below them ; for the Planet being deprefled by the Pa- 
rallaxi wiU at that time be lower than a Line drawn from one Star 
td die other j becaufe the fix'd Stars are at t(io great a 
EUflance to &fiFer. any Parallax : The Arch of the Heavens 
intercepted between this Line and the apparent Pince of the 
Planet is its Parallax ; allowance being made for the Motion of 
the Planet between the two Obfervations. 



I 
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Diftance of the Sun frcxn the Ealth might be 
known, and from thencei by the Method ex-* 

Jilained above (c)^ that of the other Pknets 
rom the Sun. But the Sun's Diftance from 
the Eardi is fb very great, and of conie- 
quence its Parallax is fb very fmall, that the 
Obfervations neceilary for taking of it cannot 
be made with fufficient Accumcy. Aftro- 
nomers therefore have recourie to the Paral- 
laxes diMan and Venus ; which if they could 
be found, that of the Sun would alfb be had : 
Becaufe the Horizontal Pamllaxes of the Hea* 
venly Bodies, as we have juft be^ (hewing, are 
prq)ortionably le(s as their Diftance is greater* 
Now when Man is o[^fite to the Sim^ it is 
above twice as near to us, and its Parallax is a« 
bove twice as great as that of the Sun. And Ve^ 
nus^ when in its inferior Conjun<9i(m with Ac 
Sun, is almoft four times nearer than the Sun, 
and therefore its Parallax is fb many times ^eater. 
Aftronomers find, that the horizontal ParaUait 
of Mars^ when it is in Oppofition to the S191, 
does not exceed 25 Seconc^, and from thence 
conclude the Sun's to be about 10 Seconds. 
Widi which Parallax of to Seconds if a Calcu- 
lation be made, the Sun's Diflance will be 
found about 8 j Millions of Miles from the 
Center of the Earth. 

However, Aftronomers need not be follici- 
tous about the Parallax of Mars^ fince Dr. 

Hai- 

{c) See Chap. VI, VJI. 



Chap. It. tbei^Heavenly Bodies. 117 

Halley has laid dowh a Method in the Philo- 
ibphical Tranfadions {d)^ whereby the ParaU 
hsi of the Sqn quy be had to fo great a Nicety^ 
thai its true Diflance within a 50th Part c^ 
th^ Whole may be determined from it ; vfz^ 
At the next Tranfit of Venus over the Sun's 
Diflcy which will happen on the a 6th oiMay^ 
in the Year 1761 ; wnen, at five Minutes be* 
fore Six in the Moraingi Venus will apppar not 
above four Minutes ota Degree South of the 
Middle of the Sun's Difk. 

{J) Numb. 348. 



c H A P. xra. 
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Of the Refradibn of the Atmofpherc, 
and the Cr^pufculum or Twilight. 

> * 

W£ find by Experience, that when Light 
enters a tranfparent Medium obliquely, 
jeither denio: or rarer than that in which it 
was before, it does pot pafs ftrait on, but its 
Cpurfe is bent at the Point where it enters, 
which bending is call'd its 'fUfraStion ; and if 
^% Medium intp which it enters be denfer 
than the other, the Light is then refradted to« 
wards a Perpendicular to the Surfiice drawa 
through the Point where it enters ; but if the 
Medium be rarer, it is then refiradted or bent 

Ojs tht 



/ 



1 1 8 Of the Reframon Part iV. 

the contrary way {a). It is from hence that 
a Staff, having one End under Water and the 
other above it, appears bent or broke at the 
Surface of the Water, the Part belov^r the Wa- 
ter appearing above its natural Situation, be- 
caufe the Light that comes from thence is re- 
frafted or bent downwards at the Surface of the 
Water, where it comes out. Thus alfo the 
Stars near the Horizon appear above their true 
Places, on account of the Rpfradtion which the 
Light that comes from them fuffers in pa fling 
through the Atmofphere of the Earth (b). 
The Manner of which is now to be ex* 
'plained. 

Let then AB (Fig. 2Z.) reprcfent the Sur- 
face of the Earth, C its Center, DF a Portion 
of its Atmqfphere, and GIthe Sphere- of the 
fixed Stars, and let AH be the Horizon of a 
Spectator at A, and let there be a fixed Star or 
a Planet at K ; and let KL be a Ray of Light 
proceeding from hence. Now this Ray paif- 
mg out of a Vacuum, or empty Space, into the 
Earth's Atmofphere at L, will be refrafted to- 
wards the Line LC, that being a Perpendicular 
to the Surface of the Atmofphere, at the Point 
where the Ray enters. Arid fince the fupe- 
rior Air is rarer than the inferior, the Ray is 

conti- 



{a) See the Reafon of this affigned, and the Manner of It 
largely explained. Part III. Chap. II. 

(h) This hr.'s been already taken Notice of in Part III. 
^jhiap. Vlf . in the Notes. 
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continually entring a denfer Medium all the 
way it goes ; and fo is refraded every Moment 
downwards towards C, as at firft^ which will 
caufe it to deftribe a Curve, as LA, and toen* 
ter the Spefbitor's Eye at A, as if it came from 
E, a Point above L ; and fince an Ob^ed: ap- 
pears always in that Line in which the Ray 
pailes when it enters the Eye (cj^ the Star wiU 
ieem to be at G, and therefore higher than its 
tnie Place, and ibmetimes above the Horizon, 
'when its true Place is below it ; as in the Gafc 
befcH'e us, where its Situation K is fuppofed to 
be below the Horizontal Line AH. 

Thus it has often happened, that in an 
Eclipfe of the Moon, at which Time it is di- 
•reftly oppofite to the Sun, they have both ap- 
peared above the Horizon at the fame Time. 

When a Star is in the Zenith, it is liable to 
W) Refradtibn ; for then the Light that comes 
from it to a Sped:ator's Eye, enters the Atmo- 
fphere in a Direction perpendicular to its Surface: 
•But the lower the Star is, the more obliquely 
the Light enters the Atmofphere ; fo that the 
greateft Refra&ion of all is when the Star is in 
the Horizon, and it is then 33 Minutes and 45 
•Seconds ; but when the Star is 50 Degrees or 
•mdre above the Horizon, its Refradtion is inien* 
£ble (d). 

Frotri 

' (c) See the Reafonofthis, Part III. Chap.Vfir. at the Be- 

: ginning. 

fdj See Sir I/aac NeiiDton'h Table of Refraftions. Philofoph. 
Tranfadl. Numb. 368. 
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Frrad iience we fee the Reafan why the Sun 
mnd Moon^ when near the Horbon^ do not ap«> 
pear of a circular Fomi> as at other Time^ hut 
of an Oval one, having their longeft Diameter 
parallel to the Horizon. For their lower Parts 
appear elevated by Refraction more than thajr 
upper oneSy and coniequently nearer together 
than they ought to do; while their Sides are 
equally elevat^, and keep their juft DlAanc^ 
from each other* 

It is not with regard to Refra<9ion, as in the 
Parallax : The latter of whiqh, as explained in 
the preceding Chapter^ deprefTes the Sun only 
and the Planets ; and that according as they are 
more or lefs removed from the ^rth ; while 
the former elevates all the Heavenly Bodies a- 
like^ at whatever Diftance they are removed 
£:om us. 

Farther ; were it not for the Atmofphere^ 
which continually reflefts the Light of the Sun 
from one Portion of it to another, and thereby 
occaiions fome of it to enter our Eyes, whica 
way foever they are turned, and alfo throws ic 
upon thoie Parts of the Bodies about us which 
are not expofed to the direct Light of the Sun's 
j^ms, the whole Heavens would appear totals 
ly dark ; and fuch Bodies, or fuch Parts of Boo- 
dles, as the Sun did not dire<^ly (hine upon^ 
would be invifible, and the Stars would appear at 
Noon-day, But the Atmofphere of the. Earth 
being ftrongly illuminated by the Beams of the 

Sun^ 
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Sun, they are reflected to us, and to other Bo- 
dies from all Parts 5 fo iftiat the whole Atmo- 
f|>htee is enlightened, and every thing therein is 
rendered vifible ; while the fainter Light of the 
Star*, which would otherwife appear, isobicured 
and eclipied thereby. 

Befides, though the Sun immediateiv befbte 
it lets, would m this Cafe fhine with tne fiune 
, Brightnefs as at Noon, yet the Moment it was 
fet, it would be quite dark. Whereas, by 
means of the Ataiofphere it happens, that al- 
thou^ none of the Sun's direft Ra3rs can conie 
to us after it is fet, yet we ftill enjoy its refled- 
ed Light for fome Time, and Night approaches 
by Degrees. For after the Sun is hid from our 
EyeS) the upper Partsof the Atmofphere remain 
ftM: fome time expofed to its Rays, and front 
thence the whole is illuminated by Reflection. 
But as the Sun grows lower and lower, that 
P<*tion of the Atmofphcrc which is above 
dir Horizon becomes lefs enlighten'd, till the 
Sun has got eighteen Degrees below it, after 
^iHiich it ceafes to be illuminated thereby (^), till 

it 

(t) Hence it is, that daring that Part of the Tear In which the 
Stin is never eighteen Degrees below the Horizon, there is acon'^ 
tihaed Twilight from Sun-fetting to Sun-ri£ng. Now diat Part 
of the Year, m the Latitude of London^ is wliile the Sun is paffing 
from about the fifth Degree of GmAni to the twentieth ofOmcsTp 
that is, from about the 1 5th of Mi^ to about the 7th oSJufy, 

Some Philofophers tell us, that the Height of the £arth*« At^ 
ntdfpheremay ht determined from the Duration of the Twilight, 
in the following Manner. JjtX ABD (Fig. 23O reprefent the 

Earth 
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it has got within as many Degrees of the Eafl- 
ern Side of the Horizon, at which Time it be- 
gins 

Earth forrounded by its Atmofphere GEF. Through A» the 
Place of a Spe^tor^ draw the Tangent AH pafling through the 
Extremity of the Atmofphere at E» from whence draw the Lioe 
£S, touching theSur&ce of the Earth in B, as alio from the Center 
C, the Lines CA, CE and CB. Now, fay they, fince the Crcpuf-. 
culum is owing to the Refledion of the Sun*s Rays^by the Particles 
of which the Atmofphere confifts, it muft end at fuch time as 
Rays of Light coming from the San, and pafHog dofe by the 
Surface of the Earth, are reflected from the Top of the Atma-^ 
fphere to the Spe^tor*s Eye ; and therefore knowing how far 
the Sun is below the Horizon at that time, we may know th6* 
Height of the Atmofphere. Thus let S be the Place of the Sun 
when the Crepufculum ends, SE a Ray of Light pafling clofe by 
the Earth atB, and refleded from E (a Particle at the Top of the 
Atmofphere) into the horizontal Line EA, to the Eye of the 
Spefbtor at A ; then will the Angle HES be the Meafure of 
the San*s Diflance beiow the Horizon. And becaufe EB and E A 
are Tangents to the Earth, the Angle ACB at the Center will be 
equal to HES, or eighteen Degrees ; and half of the former, 
namely ACE, will be nine, from whence EI, the Height of the 
Atmofphere, which is the Excefs of the Secant EC above the 
Radius CA or CI, is had by Trigonometry : (e^Keits Afbonomy« 
Led. 20. But this way of arguing is founded on a Suppofition, 
that Rays of Light cannot come to a Spedator^s Eye after more 
than one Refra&on in the Atmofphere ; the contrary to which 
feems evident, as I ihall (hew in the following manner. Let ABD 
(Fig. 24.) reprefcnt the Earth, A the Place of a Spcdlator, KO 
his Horizon, MNR a Portion of the Earth^s Atmofphere, and 
TVW an Arch of the Heavens; and let S be the Pkce of the 
Sun lefs thaa 1 8 Degrees below the Horizon ; and let the Line 
SAI touching the Earth be drawn. It is well known that in 
this Cafe, fo much of the Heavens as is not intercepted by the 
Earth from the Spectator's Eye at A, will ftill appear enlighten- 
ed ; that is, in other Words, Light will flow to the SpedU- 
tor*s Eye from everv Part of that Portion of the Atmofphere that 
lies between P and Q^; ibme therefore will come from thofe 
Particles that lie within the Space PAE. But thcfe Particles can- . 
sot be enlightened by the dired Rays of the Sun ; for they ne- . 

ccffarily 
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gins to illtiminate the Atmofphere again, and 
in Appearance to diffuie its Light throughout 
the HeaVtns., which continues to encreafe till 
the Sun be up. This Light, whether in the 
Morning before Sun- rife, or in the Evening 
aftier ^Sun-jfet, is called the Crepufculum^ or 
Twilight 5 and is fuppofed to begin and end 
yrhen the leaft Stars that can be feen by the 
naked Eye {viz. thofe of the fixth Magnitude) 
ceafe or begin to appear. 

But as die TwUight depends on the Quan- 
tity of Matter in the Atmofphere fit to refledl 
the Sun's Rays, and alfo on the Height of it, 
(for the higher theAtmofphere is, the longer it 
will be before the upper Parts of it will ceafe 
to be illuminated) the Duration of it will be 
various. For Inftance in Winter, when the 
Air is condenfed with Ccdd, and the Atmofphere 
ppon that account lower, the Twilight wUl be 
, fhorter ; and in Suxumer, when the Limits of 
the Atmofphere are. extended by the >Rarefac- 
tion and Dilatation of the Air of which it con- 
fifls, the Purjjtjon of the Twilight will be 
greater. And for the likq Reafon the Morn- 

ccfiarily.pa^ abo?e the Line AE, thefc therefore thcmfclves are 
illuminated by refleftcd Light. Since then thcfe afford Light, 
and nearly as much as any of the reft, it is evident, that Rays 
may come to a Speftator's Eye, and in great Plenty, after having 
fuifered two RcflcAions. And therefore that Demonftration, 
which is built upon a Suppofition that fuch Rays can fuffer but 
Qne^ muft falUo the Ground. 

a 
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ing Twilights, the Air being at that Time conr 
dcnfcd and contra^cd by the Cold of the pre- 
ceding Night, will be Uiotter than the Even- 
ing ones, when the Air is more dilated and ex-r 
panded. 

Another Effect that the Atmofphene has up- 
on the Rays of the Sun is, that it intercepts a 
confiderable Part of them In their Progrcfs 
through it. By which Means it happens, that 
when the Sun is near the Horizon, it appears 
kfe luminous and bright than when it is more 
elcvattd \ ibr the nearer the Sun is to the Ho^: 
rizon, the greater is the Portion of the Atmo- 
fphere through which the Rays of the Sun 
muft .pafs to come to a Speflatdr's Eye. For 
Inftance, in Fig. «3, where ABD reprdcilts the 
Earth, furrounded byitsAtraofphere GEF, and 
A the Place of a Spedtator j it is obvious, that 
when the Sun is in or near the Horizon, fiipr 
pofe at H, it9 Rayfi muft {m(s through a greater 
Portion of the Atmofphcre to come to the 
Speftator's Eye at A, ^anthey would do if the 
Sun were iituated in any Pirt of the Heavens 
above the iaid F{>inc. 
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CHAR XIV. 
Of the Dodrine of the Sphere. 

'THHE Subjea of thi$ Chapter rc- 
\ Utc$ chiefly to the Explanation 
ottnolc Circles which Aftronomers, for 
the better diftinguifliing the Places and 
Motions of the hctvemy Bodies, con- 
ceive to be defcribed within the Sphere 
of the Heavens. Some of thefe have 
already been defined \ but that the 
keader may have a compleat View of 
their Definitions all together, I (hall 
;'^}e^ them here lai their proper . 
Pisces; 

. Thefe Circles are of two Kinds, viZi 
the greater and the fmaller. 

A great. C}r/cle 1$ that which divides A great 
the Sphere into two equal Parts, hav-; ^"^^^• 
ing the fame Center therewith. 

A lefs Circle divides the Sphere into a lefs 
Unequal Parts^ having a diferent Center Circle. 
^oitQ that of the Sphere. 

Thefe are fometimcs called parallel Parallel 
Circles, and receive their Denomina- ^^^^^• 
tions from fome great Circle to which 
they are parallel Thus, lefler Circles 

R a . run- * . 
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running parallel to the Equator, arc-' 

. called Parallels of the Eqaator ; and 

fo of the reft. 

The Pole* Thc Polcs of a Circle are two Points^ 

cfe' ^^'^ ^" ^^ Surface of thc Sphere, cvcry^ 

where equally diftant from the Circle. 
Axis of a The Axis of a Circle is an imaginary 
^^^** Line fuppofed tff pais through both its 
Poles : Or, that paflcs throui^ its Cen- ■ 
ter, and is perpendicular to its Plane. 
Eeconda- The Secondaries of a Circle are fuch 
ries of a as cafs through both its Polcs. Thefe 
thcreiore cut it at right Angles in two^ 
Points oppofite to each other, and arc: 
therefore always great Circles. 

The Circles ' of the-5phcre are alio 
diftinguiflied into fixed and moveable. 
A fixed A fixed Circle is that whofe Situation 
depends not upon that of the Spedtator. 

A moveable Circle is that -whofe Si J 
tttation depends on that of the Specta- 
tor. 

Of the former Sort arc the Ecliptie 
and the Equator, with their Secondaries 
and Parallels. 

Of the latter are the Horizon, with- 
itS' Secondaries and Parallels* 



r. 0/ 
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R Of the Ecliptic, and other Parts^ 
culars relating to it. 

The Ecliptic is that Circle which the TheEdiife 
Plane of the Earth's Orbit would mark ^^' 
out, were it fuppofcd to be extended 
lb the Hejivens. This therefore is that 
which the Sun fecms. to defcribe in its 
arnsuid Courfe. 

The Axis of the Ecliptic is a right The Axif 
Line fuppofed to pafs through the Cen- °^ *^ E- 
tre of the Sun, and to be perpendicular ^^^* 
to the Plane of the Ecliptic 5 and the 
Points in the Heavens, to which this 
Axis points, are called the Poles there- '^^^••^ 
of; and the great Circles paffing through 
thefe Poles, will be perpendicular to the 
Ecliptic, and are therefore called its 
Secondaries, and fometimes Circles oFg^^^^, 
Longitude. By Means of dlefe the ries of the 
Place of any Star is referred to- the^^^P'*^- 
Ecliptic,, and its Longitude and La- 
titude' eftimated. For the Longitude £^^5^^^ 
of a Stir is ' an Arch of the Ecliptic, of a star. 
intercepted between the firft Point of 
Aries,., and that where one of thefe Se- 
condaries that pafles through the Star 
cuts the Ecliptic. And the Latitude of Latitude 

a Star ^^ * ^«^- 



1 28 Of tit Do&nnc Part IV. 
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a Star is the Arch of the fame Seconda- 
ry, intercepted between the Star and 
Ihff Ecliptic^ Up9h this accoiintall 
Circles conceived ta b^ drawn parallel 
to the Ecliptk:, that is. Parallels of the 
Par^U Ecliptic, are fometimes called ParftUels 
fj^''' of Utitudc. The Latitude of a Sfcwr 
is either Northern or Southern, as th^ 
Star is placed on ibis or that Side tfap 
Ecliptic. 
*rht Signs The Ecliptic is divided into twelve 
JjfJ^ ^- equal PartSi called Signs. They begin 
**^^ at that Point in whim the Bun appears 
to be at the Vernal Equinox^ and are 
reckoned from Weft to Eaft.* The 
Names of the f^ Sis^, together wiA 
the Charafters wherciy they are com- 
monly ^xpi^cd, are theie that follow i 

Aries» Tanras, Gemini^ Cancer, Leo, Virgo, 
V « n • £1 «, 

tb m t XT as H 

The firft fix of thefe are called the 
tht Zo- Northern Signs, a$ pofflefling that Half 
*^* of the Ecliptic which lies neareft the 
North Pole of the Earth ; the latter, 
the Southern, as being in that which 
is neareft the South Pole. The Sun is 
always feen in fome Part of this Circle 5 

but 
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bat the Planets^ by reafon of the In*- 
clmation of the Plane of their Orbits to 
thlt of the EcliptiCf appear fotn^times 
above it^ and fometimed below it, but 
never deviate from if above feven er 
eight Degrees on eithibr Side : So that if 
we imagine a Space furrounding the 
Heavens fixteen Degrees in Breadth, 
and extended equally above and below 
the Ecliptic, this will include all their 
Ecliptics, if I may fo fay ; that is, all 
t}»e Circles they would appear to tnove 
Iti when ieen from the Sun^ and is call- 
ed the Zodiac. 

Tlie Signs of the Ecliptic took their 
Names, as wai obferved above, from 
Twelve Conftellations fituated in the 
Heavens near thofe Places. But it mud: 
be remembred, that the Signs are dif- 
ferent from the Conftellaticms which 
bear the &me Name. For the Sign 
Aries for Inflance, is not in the fame 
Part of the Heavens with tl^ Conftel- 
htion Af ies. The Sign Aries is only 
thirty Degrees of die Eclij^ic, counted 
from one of the Equinodtial Points; 
whereas the dnfteiktm of that Name 
is a Syftem of Stars, the moil of which 
are now (kuated between the firft and 
lad Degree of Taurus* And fo of tbb 

othef 



odier Signs. Thcfe ConftcUations were 
in the Infancy of Aftronomy fituated 
within the Signs which now bear their 
Names ; but by a flow retrograde Mor- 
tion of the Equinodtial Points, called the 
Precejfion of the Equinoxes ^ as explain*- 
ed above ( j), the Conftellation Aries has 
;ot into the Sign Taurus, and that of 
^ifces intp ^e Sign Aries ^ aijd fo o£ 
the reft, 

JJ. Cyi/y&^ Equator, and other Pdrtieu^ 
lars relating to that^ 

The Axis The Asis of the Earth is a right Line 
EarA. ^ppofed to pafs through its penter^ 

about which jtjs jdaily Rotation is per^ 

formed. 
The Poles The Poles of the Earth are two Points 
^J^ in its Surface, where its Axis paffes 

through ; the one the North, tha other 

the South Pole. 
The Poles The Poles of the Heavens are two 
?[ ^^ Points therein, where the Axis of the 

Earth, if produced, would pafs through 

them, 
TheEqua- The Equator is a great Circle on the 
>®'- Surface of the Earth, equally diftant 

from either Pole thereof. This is by 

Mariners called the Line. 

A 

{a) See Chap. V. 
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A Secondary of iht Enuator pafllng Mcridiaiu 
throagh any particular Puce upon the ' 
8urfiice of the Earth, is called die Me-* 
ridian of that Place. 

And as the Longitude and Latitude 
of the heavenly Bodies are determined 
t^ the Ediptic and its Secondaries ; fb 
by the Equator and its Secondaries^ 
Places upon, the £arth's Surface are dif* 
tinguKhed as to their Longitude and 
Latitude. 

' The Longitude of a Place is then an The Lon- 
Arch, of tjie Equator, intercepted be-fgj^'^r 
tween the firft Meridian {i)^ and that * 
whi(^ paHes through the Pkce^ 

8 Tlic 

(h) l^Anfirfi Mmifam ismpmttiiarwhjcirpailb 
throQgli tomt rrnftrkable and wdl-koowa f kccp 
which Geographers pitch upon to efHnute thr Longi- 
tiidbofo»er*Pk^effpoiiit 'l%e ancient Geogf^phers 
oUM that. AtJtrSk Nbridi^tt wjiich ptAd th?opg}ithf 
noft WellerQ Part q( tbfi then known World » and (q 
reckoned the Longituae Eaftwi^rd from thence. And 
at they kftkVl:ttpon the Worid.to he lon^ from Weft 
Id EiA Aaii frmk North lo. South, tiey gave the 
Name of Longitude- to the longer Dimenuony and 
that of t^atitude to the fhorter. But when it was 

di(ia»raQl4.thacthe Eanh.wasmimd^ andcemfeqnentr 

ly ihfi there was no extream Point of Longitude, 
Geographers began to negled this Method, and every 
one choie a firft Meridian according to his Fancy and 
XncImaticMi. ' Thus, an Sng/iJ^ Ge^japhcr fliall tell 
yOQ theirft Meridian pa^es through lemktt \zFritich* 
r, that it paffes through Puris^ 6k. 

This 
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Thr La^* The LatitDde of a Place is an Arch 
Y^f *of the Meridian, intercepted between 
the Place and the Equator ; and is ei- 
ther Northern or Soumern, as the Place 
lies on this or that Side the Equator. 
TiieEqoi- The Equinoctial and the Equator are 
***^^^- ; difFercnt, the former being a Cirde in 
the Heavens, which the latter would 
mark out if fuppofcd to be extended 
thither. 
Korkhera The EquinoClial divides the.Heavens 
^n^^i ^ **^ Equator does the Earth, into two 
^^^^' equal Portions, called die Northern and 

Sputhon Hemifpheres. 

RigiitAr' And as by the Secondaries of the 

^^^ ,. Equator, Places upon the Earth arc rc-» 

nation, fcrred to the Equator; to by thefe of 

the Equinodkl, the Places of thf^ hea- 

venlv ^odie& are referred to the Equir 

no&ial. But as an Arch of the Equa^ 

tor, intercepted between the 6rft Me- 

ridkn and that which pailes througl^ 

any Place, is the Longitude of tlut 

Place ; an Arch of the Equinodial in-r 

ferctpted between the firft Point qf A-: 

ries and that where it is cut by a Secon^ 

daiy 

This arbitrate Way of reckoning the Lcm^tade 
from different Places, makes it aeoeflary whenevtr 
Mention is made, of the LoDgitudc of any Fiac^ to 
iheotion alfo the Place from whence that Longitude is 
counted. 
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daiy iof the Equtiiodul that pafles tfaro^ 
the &id Body, is called ks Right Af-^ 
tenfion. And ah Ardi of the fame 
Secondary ih^rcepted ben^een th€ fame 
Body and the Equinodial, is called its 
I>eclini^cM, whkh is alio either North*peciin»^ 
era or Sddthern^ as it hdppetis to be^"- 
id die one or the other Hemifphere. 

Prom hence the Secondaries of the circles of 
Equinodial are ibmetimes called C^lesAfcenfion 
of Afctnfion and Declination. ^fj^'^ 

The Equinodial Poihts are tholcEauinoc* 
where thfcEquator cuts theEcliptic ; and^'w and 
are fo called, becanie when the Sun is^^^^ 
in thefe Points, it k alio in the Equator, 
and therefore makes the Days and 
Nights of an equal Lengdi all the 
World over. Tm Solilitial Points are 
thoie Points in the Ecliptic where the 
Equator is moil diilant from it ; and 
are fo called, becauie when the Sunis 
in them, it can fcarce be perceived to 
alter its Diftance from the Equator for 
ibme time. 

There are two of the Secondaries of 
the Equinoftial more remarkable thaa 
tfie reil, called the Colures 5 the one 
paiTes through the Equino&ial Points, 
and is called the Equino<ftial Colure ; 
the other is placed at right Angles with 
thi^ and palTes through both the Poles. 

S 2 Qi 
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of the Equator and of the Bdiptic too^ 
and 16 called the Solftidal Cohice. 
Hoor Cir- Secondaries of the £qujnoAial drawn 
^^^' tk-ough each 15th Degree thefcof, will 
divide it into 24 Parts ; each of whidi^ 
iiDce the Earth rev<^ves once round itt 
Ax\^ in 24 H<H2r5» will anfwer (o oam 
Hour ; that i$, each of them (fuj^fing 
the Heavens to revolve as they^ appear 
to do) will fucceed into the' Place of A 
foregoing one in the Space of One Hour^ 
and are fw that Reafbn qdled Hour 
Circles. And the Inhabitants of any 
Part of the Ear^^ whofe Meridian coin-*^ 
cides with any one <^ 4^, vrill difl^r 
ft ^€^ reckoning of Time one Hour 
j^din thoie whofe Meridian h €oinci^ 
dent with the next ; and £o,<m. 
Tropics . Qf the Parallels of the Eauator, four 
uJcSI^ are more remarkable than the reft, and 
diftingniihed by particular Names^ viz. 
the Tropics and Polar Circleai 
The Trp. The Tropics, are thofc Circles which 
pics. the Sun in its greateft Declination feeoxs 
tQ deicribe by its diurnal Motion i and 
are therefere fb far removed from the 
Equator, the one on the one Side^ and 
the other on the other^ as is the IncHna* 
tion of the Equator to the Ecliptic, viz^ 
a.3 Degrees and an half. They are calU 
^d Tcopics^ becaufe when the Sun ar- 
rives 



rives at dthorof thefl^ it retttns bodt 
again towards djc Equator. 

That wl^ch Uesjn die NocthemMe^lVa^ rf 



^fpheie is called the Tropic ^^^^M^ccTi _^ 
becaufe it toadies ^ Edipdc ib tbo^J^ 
firft Degree of that SgQ. The ether ^tnaauL 
!^ Tropk: ofiCapricora, fiM' a like R^ 
fon. 

. The polar Circks are diofewiudi the TiieMitf 
Poles ot the Ecliptic icem to deicribe*^^'*'"^ * 
by the diurnal Modoa of the Earth; 
and are therefore each of them at the 
iame Difiance from the Poles of die 
Barth diat the Tropics are from the 
Bquator. That which lies in the 
northern Hemifphere is called the Are-Arakna. 
tic Circkj from Ar&us, the Bear, a ^J^ 
Conflellation near that Place ; the other 
being in P<^tion oppofite to this^ is 
called the Antarctic Circle. For the 
iame Reafon die North Pole of the 
Earth is fontetimes called the ^^^^^^^ 
Pole, the other the AntarBic. Poleg. 

By means of the Tropic and Polar 
Circles (or rather by certdn imagii 
Circles upon the Surface of the Earl 
correfponding to them, and called by 
tibe fame Names) tlte Surface of tte; " 

Barth is divided into five Parts, called 
Zmet. The one of which is called the:^^^ . , 
torrid Zone, ^d is that Space or Tr^ z^. ^^. 
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<if die Earth which is compffehended 
between the two Treves. The Anci*- 
oits imagined this Tra£l of the Earth 
to be uninhabitable, on Account of 
^ tlie Meat of the Sttoi there; There arc 

^g^ two frigid Zones, the one is that Portioa 
of the Earth's Saiface which is included 
within the ar^c Circle, the other with- 
in the Antardic* The remaining two 
*^J^*^are thd temperate (Hies^ lying dne on one 
Side the Equator, and tne otljer tin the 
other, between the frigid and the torrid 
ones. 

The liihabitants of thefe Zones ar6 
diftingui(hed by the difierent Diredion 
of their Shadows. Thus, they that live' 
the Am- Ml the torrid Zone arc called Ampfaifcii j 
*^^^'- becaufe their Noon Shadows are caft 
ibmetimes- towards the North, and 
ibmetimes towards the South, accord- 
ing as the Sun at Noon is to the North- 
ward or the Southward of them. But 
when the Sun pafles diredly over their 
Heads at Noon, they caft their Sha- 
dows neither the one way nor the other^ 
Tl«Afcu.^a are called Afcii. 

: The Inhabitants of the temperate* 
^f**^*' Zones are called Heterofcii, becaufe 
^"^^*' they never caft their Meridian Shadow- 
^ . but one way. Such as inhabit the fri«. 
Sr g^ Zones are called Perjfcii, becaufe, 

by 
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by reafon that the Sun is ibmetimes 
above their Horizon for a Day or mom. 
without ietting, their. Sliadows turn 
quite round them. 

The Inhabitants of the Earth have 
alfo been diftinguifhed into three Sprts^^ 
with regard to their Situation with re^ 
Jpeft to each other. They who live 
vnder the opppfite Points of the fame 
Parallel of the Equator, ^x^ called witib . ^ 
refped to each other, Pericaeci. . Penacu 

Thefe have the iame Seaibns of ^ 
Year, but it is Midnight to the oxx% 
when it is Noon or Midrday to the 
other. Others are called Antceci, aiAntcsdf 
living under the fame Meridian, but in 
oppofite Parallels. Thefe have Dw 
Itnd Nidit at the fame Time, but de- 
ferent Seafons, it being Summer with 
(^e when ij; is Winter .with the odler. 
Others ar^ Antipodes, with refped tOAmiFolg 
^aph other, that is. they live ia opfx>« 
iite Parallel and Meridians too ; f0 tW 
they are on the omofite Points of the 
Globe; and therefore have bodi tbdr 
Days and Nights, and thi^ Setibns cif 
the Year revmedi the one with reipeft 
to the other. 
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IIL 0/ the Horizon, and (fiber Farti^ 
culars niating to it. 

' Hie'Horizen Is a Circle in dieHea-- 

fcnc^ vAioik Plane touches the Surface 

ef the Earth, in the Place of the Spec^ 

tator. This Circle feparates that Part 

of die Heavens which is viiible frooi 

Aat'whkh is not; and is called the 

TIbt fedi*ibifible Horizon, in contradiftin(^km to 

J^jJ*^ another Circle paralkl to Ais, whole 

IHane pafles through the Center of the 

TheiatiV Earthy and is called the rational Hon-: 

i^'^^^TOn, The Diftances between thcfe 

two Cirdes is fo finatt with re^cd to 

that ctf'thi fixed Stars, that it is ufually 

negkdcd, and the Circles are fuppofed 

to coincide. 

. The Poks of the Horiz<N> are two 

%;i ^ : . Pbints, the onct>f which is exactly ovef 

^he Hod of the %>eaiator, and is called 

ZcRiA. Ae Zenith $ the other diredly undep 

Nadir. Us Pect, mS^ is called the Nadir. 

JiUlid Secondaiies of the Horizon pais 
ibroogh the Zenith and Nactir> and aro 
Vertical iailpd - Vcrticad Circles or Azimuths : 
^^^'Its Parallels, Almicantaraths, or com- 
monly Ahnicantars (c). 

Among 

(c') Thcfe are Terms introduced into Albonomv 
by the ancient Arabian Philofophers, and ftili retaiata. 
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Among the Vertical Circles of the » 
Horizon there are two more remark- 
able ones, vix. the Meridian, and thc^^'jfJlJ^ 
prime Vertical, (for the Meridian ofvcrtical. 
any Place is a Secondary of the Hori- 
zon of that Place, as well as of the E- 
quator. ) TheMeridian, as obferved above, 
pafles through the Zenith. and the Poles 
of the Equator. This cuts the Horizon 
in two Places, which are called the 
"North and South Points thereof. The 
prime Vertical cuts the Meridian at 
right .Angles in the ZenitK and Nadir, 
^and by ' interfeftihg the Horizon niarlcs . 
out the Eaft and Weft Points ; and 
• thefe two Circles cut the Horizon into «' - 
•four Quarters, each of which is fup- 
pofed to be divided into eight, the whole . 
therefore into thirty-two, which are call- 
ed the Points of the Compafs, of which . 
•the four cfirft mentioned, wsf. Eaft, ^jj)! c^,^^ 
Weft, North, and South, are called, by pafs. 
'Way ofEniinency, the Cardinal Points. ^^^*^*V 

The Altitude of a Star is an Arch of ' 
a Vertical Circle that paffcs through it,;j;j^J 
intercepted between the Star and thepreffion of 
Horizon. If the Star be below the Ho-* ^^*^- 
rizon, it is then called its Depreffion. 

When a Star is upon the Meridian 9^m»na- 
ef any Place, it is faid to culminate, 3^".*^ * 
or to be in its Meridian Altitude. 

T The 
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The Aai- • TJjc Azimuth of X Star is an Arch 
muihoft^^ Horizon, intercepted betwwfi 
^ North or South Point thereo£ and 
the Vertical that p^fTes thr(^^ the 
Star \ and is called Eaftem or Weilerli 
according to the Situation of the Star. 
The Am- The Amplitude of a Star ia w Arch 
tTm.^^ thir Horizon, intercepted between 
that Point where the Star rifes or feu^ 
and the ^aft or Weft Point of the Ho- 
rizon ; and is either Northern or South^ 
ern. If the Amplitude be taken from 
Rifingandthe fifing of the Star^ it is then called 
J2f . its rifing AmpUmdc $ if whea it iefc% 
tade. its fetting Amplitqde. 

. That Point of the Ecliptic through 

which the Meridian of any Place paflcf, 

S^^is called the Mid^heaven. And that 

Point of the Ecliptic which isdifiant r 

quarter of a Circle frotn the Points 

^»^^ where it cuts the Horic^onj w called 

*^***' the hIinetUth Degree. 

ThcBfc- The Hcigjjt of the Pole above the 

SJpoi? Horiaon is called its Elevation. And 

this is equal to the Latitude of the Place^ 

for either of them being added to th^ 

pittance between die ^^th and the 

Pole, makes juft a quarter of a Cir^ 

Th© 

(d) Vtom hence arifes the Mediodof neftfomg Aft 

Cir. 



The Inhdbitants of ibe Eardi are a- 
g^ diitinguifbed by the SpheFO the^ 
afe iaid to live in« Tbos^ fuch a3 livd 
under the Eqaator, have their HoiSzort 
pafiing throogh both the Poies of the 
jBactb^ and cat^g the Equator md all 
its Parallels at right Angles, and from 
(iMnee are iaid t0 hrft in: a right S^diere. ^^^^ 
The Property of which Sphere is this/^^""^ 
that die Daysand Nigjit^ are of shB' equal 
hesipk all the Year long^ and ihsi Stay 
which any of doe heavenly Bodks make 

• 

Circ^ftlreim of tke Bsr^, for, lel tw^ Flaees be 
pitched upon; lying. North^ ancC South of each other. 
fhcif tlat Ae Eleviniidfl of th&Pole in oneikH ttcpci 
i^MBf$t4oniA t&cfothOr by ofie Dtgiwfupyofi^ ikeii 
nflftfiirtf thotXifiancebelWoett the two Places in' Miles: 
then as one I%gree is to the Circumference of a'Crcle, 
€r 3^ JitgM^, i&ir that* Ntimfeepof Mfey «6 d^ 
Circumference of the Earth. By this Means th^'Cii^ 
cod^i^o&df tlie Eactb is fond fuch^ that the Ijoigtfi 
ofone Degree therein is equal to* 69 2ngltJ^ Miles, 
This MeaMfe wasf Mk f^taA oiit ly our Ccfm^tryittatt 
^Tpruw^ a]id)aftent^fds af tfmpted by tihe; Fnnciif Ma* 
tfaematiciats,. who twice applied tliemiel've^to k 5y 
Akf Ki0g*s Cdmmatfd, ^d dift3KHr«reda!tamftth<i'faime 
Meifiitt ^t JiW't^floi^ Ka^' d^ifif befcrt. Tbef took 
th» I eigtfcof aptfyed Quiftjr of dttor fevenMilesV that 
libs between ^i^s Villa^$ ts&^unjtnum 10 J^cardyy by 
Sttud Metofiinttioit; ttAitOA faf uSuHte^ iipoiltl tallied 
#Mf tUc tioft aocttrfrtr JUb^]|icnts»*thf)r took' die Dlf 
iaa«0betweenJ!l2b/aviffandotcr/^f' which Hes almoft in 
a f(rait Tine fromPTotthtoSouth ; iiTbotB: Whitfa*PtacM 
^ tJMif tl« Hbtg^ df Ae n»l9„ atiBd' liMi iihe»cSI 
cmpvted th»e!ip-o«lafa«icc (rf* tlito Clebe. The Ma- 
thematidans fet over this Work were Nfonfieur Phard 
ttat firft tiffle» and Mimfieuj Cz^/n' the fccond. 
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above the Horhson is eqaal to that 
which they make below it The Rca- 
fon is^ that all the Parallels of the Equa«- 
tor, in which the heavenly Bodies feem 
to perform their diurnal Revolution^ are 
cut into two equal Parts by the Hori- 
zon. 

Such as live between the Equator^ 
and either Pole, have their Honzoa* 
croiling the Equator and all its Paral- 
lels, Icis or more obliquely, as they live 
lefs or more diftant from the Equator* 
Hence thoie are faid. to live in an ob- 
OMique Hqf^c Sphere, and have all the Parallels 
^ ^^' of the Equator cut into unequal Parts* 
by their Horizon, fo that neither the 
Sun nor any of the heavenly Bodies^ 
unlefs they be in the Equator, make aa 
equal Stay above and below their Hori- 
zon, . ' 
To thofe who five at the Poles of the 
Earth, if any fuch there be, the Equa* 
tor is parallel to, or rather coincident 
with me Horizon, and all its' Parallels 
Paralki *^^ parallel to it ^ from whence this is 
Sphere. Called a Parallel Sphere. The Property 
of this Sphere is, that it is Day for haiif 
the Year togetherj and Night for the 
other half. For the Equator and Ho- 
rizon being parallel^ fo long as the Sua 
continues on the fame Side the Equator, 

fQ 
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ibiDiig muft its-Stay be on the jame 
§ide the Honz9D, and con&quently fa 
k>ng is it Day at pne of the Ppl^s, and 
Night at the othen And the fixed* 8tais 
do not rife or fet in this^ Sphere, becauie 
they do not remove their Places from 
one: Side of die Equator to the other, , 
as the Sun and Planets are obferved to > 
do. 

. It is obvious, that in a right Sphere, 
the' fame Point of the Equator which 
<;cmes to the Horizon wit]i ;any Star, 
will come to the Meridian with the 
feme ; becaufe in this Sphere both the 
Horizon and the Meridian become Se-- 
condaries of * the. Equator. ; Now an ^ 

Arch of the Equ2(tQr intercepted be- 
tween this Point and the firfl of Aries, 
is cdled the right Afcenfion of. a Star. ^5^* ^^ 
But m an oblique ophere it w^l not be a Star. 
£0^ but fome other Ppint different from 
that which comes to the Meridian with 
it, will rife with it, becaufe of the Obli- 
quity of the Horizon to the Seconda*; 
n^ of the Equator. And theDiflance 
between this .Point and the firft of A- 
m!^^ is called the oblique Afcenfion. of a ^r^ 
Star. And the Difference between right ^fcenfio!^ 
and oblique Afcenfion is termed its Af- nai Dife- 
ijenfional Difference. ^^ 
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In an oUique Sphere there is t f^ 

rarallci of mc Equator, 6> far diiliAt 

horn the Pole as is kt Eievatioa above 

^Hork^on, the Starsthat areeompie^ 

hended within which ieeaor to* revoliw 

about the Pole widioot ever rtf ng 0(^ 

letting. This is called the Circle <# 

Cirdc ofperpetaal Apparition. There ttanoAor' 

5S^ oppofitc to this, and at the .feme Dtf^ 

tkm. tance from the other Pete, called ihc 

ci^dc^f Circle of perpetual Occttltation ; be- 

two. never appear abo?e the Hdrison, • 

The ancient Geogi^^hers were-won^ 
to ^ingnifh the difi«rent Re^Ms ol> 
Jj«l'* the. Earth by ParaMels^ttd Gliffltttesi irv 
jg^g^^ ' fhch manner, tfiat in going from on«^ 
ParaOel to another, the I^ys at *» 
Snmmer Sc^ice fhould be encreafed a 
quarter of an Hour. Se> thatfaf^of^ 
ing the Eqttatpr to be the firA PafMk^ 
tinder which the Days are always 12 
Hoars long, the next (houldf be whese^ 
the fongeft Day of the Year (honldb*' 
12 Hours and a Quarter long, 9c. Andt 
tvro fech ParaBefe made one dimate^ 
till wecome to the Pblar Cirdtes. An* 
from thente to tbe Poks they reekoned 
the Climate Inch, that the Stfty^Ae 
Sun above die Horiasonwa* ar whefo' 

Month 
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Mondi dfUticnt in one fitnxi what it 
was in the next ocHxtiguous one. 

As die Year of the Andents was not 
preeifefy aidapted to idie annual Motion 
of tb^Spn, a$ we /ball iee faereafier, k 
happened that the Seaibns d&i not al- 
ways &11 on the iamePart of their Year, 
£> diat it was not accurate to denote the 
Time of the Year by the Day of the 
Month. It was therefore ufual with 
them to diftingui(h the Seaibns by the 
Cofinical, Achronical, and Heliacal rif- 
ing and fetting of the Stars. And be- Theixie- 
caufe we meet with thefe Diftindtions tical rifing 
moft frequently among the Poets, they ^^* 
are called the Poetical Riiiogs and Set- stais« 
tings of the Stars. 

A Star is iaid to rife wfet cofmically, 
when it rifes or iiets at Sun-rifing ; and 
when it riies » fcts at Sun-fetting, it is 
laid to rife or let adironically. A Star 
lifes heliacally, when it emerges out of 
the Sun's Rays, and is got £0 far from 
it as to become vifible. And it is faid 
to let heliacally when it firft immerges 
into the Rays^ and becomes invifi- 
ble (d). 

{d) Kepier will have it, that thefe Word&iu« to be 
taken in another Senib, £> as that to rife or fet cofmi- 
cally (hall fignify the fame as to afcend above, or de- 
foeod below the Horizon ; but that to rife or fet 
^chronically, is the iame as to rife or fet in the Sun*s 

Oppo- 
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Oppofit^ or in the other Achron, or Eztreice of tKe 
'Night: In which Scnfe ^fv/nH^, and to this Dajr moft 
Albonomers lay, a Planet ii achronical, when it 11 op* 
pofite to the Sun, and (hines all Night j to that to rile 
tchronically is, u above, the Tune at to rile when the 
' Snn is fetticg ; but to let achronicalljr, is to fet when 

the SunisriJii^i which is commonlj called the Cof- 
sucal Setting. 
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C HA P. XV* 

! 

Tll/e Defci 'ption and Ufe of the Orrery 

and the Globes. 

$ 

IJ I ^HE Orrery is a Machine defigned to 
X reprefent at one View the real Mo- 
tions of the heavenly Bodies. In order to 
this, in the middle of a large Circle defigned 
to reprefent the Ecliptic, is . fixed a Glbbe re- 
prefenting the San. Next to the Suii a fmall 
Ball reprefenting Mercury, Next to this is 
Venus reprefented by a larger. At a greater 
Diflance flill from the Sun, is the Earth repre- 
fented by an Ivory Ball. Round the Earth, 
at fome Diflance from it, is a Ring to exprefs 
the Orbit of the Moon, making an Angle 
with the Circle that reprefents the Ecliptic, 
and thereby fhewing the Inclination they have 
to each other in the Heavens, and alfo the 
Line of the Nodes. Within this Ring is a 
fmall Ivory Ball reprefenting the Moon, and 
having a black Cap or Cafe, which always 
covers that Hemifphere which is turned fron^ 
the Sun ; and thereby diflinguifheth the en- 
lightene4 Part from the dark one. Beyond 
thefe is feen Mars^ then Jupiter and its four 
Moons, and outermoft of all is Saturn with 
'Its Ring and five Moons. 

U AH 
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All thefe are fixed upon fmall Stems which 
feverally reprefent their Axes, each of which 
has its peculiar and proper Inclination to the 
Plane of that Circle "which we faid was to re*- 
prefent the Ecliptic : And when the Machine is 
put in Motion, all thefe Bodies move round that 
which reprefents the Sun^ and at the fame time 
both that and all thofe which reprefent fuch c^ 
the Planets as have been obferved to have a 
Rotation about their Axes, turn ro^nd upon the 
faid Sterns^ and in their proper Times. The 
Moons alfo revolve iboiit their Pririiaries at the 
fameTime,and the Ring that reprefents theOrlnt 
of the Moon has likewiie its proper Motion^ 
whereby that of its Nodes is alfo exMeffed. 

Thefe Bodies are all kept. in Motion by 
Wheelwork concealed in a Cafe underneath^ 
and turned by a fmall Winch in the fide of the 
Cafe ; one Turn anfwering to a Revolution of 
the Ball which reprefents the E^th, about 
its Axis; and consequently to 24 Hours of 
Time. So that 27 Turns caufes the Sun to 
turn once about its Axis, 365 carries the Earth 
about the Sun, 27 the Moon about the Earthy 
&c. So that not only the Motion of the Hea- 
venly Bodies may be reprefented, but their 
Situations with refpedt to each other may be 
fhewn for any Time either pad or to come; {a) 

{a) This and the next Paragraph muft be underftood mth 
fome limitationy Machines of uiis kind bong fuffidendy 
adapted to common Ufe, though not accurate enough for this 
tmrpofe; none of the Machines of this kind which have yet 
liecii nude, being fo contrived as to fliew this with Accuracy. 

z by 
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iff giving die Wiach a prqier Number of 
Turns backwards w forwards as die Cafe re- 
quires. 

There is ufually alio a Lamp in a Cafe, 
^di one or more convex Glafles in die fide 
0f it, to tfaiow a* ftrong light .diredly for- 
wards i this Lamp being- put in the Place of 
die Sun, and that fide of the Cafe which has 
the Gla^ in it direded towards the Eardi, the 
Lanop fadng alio contrived to turn according to 
the Motion of the Earth, a ilrcnig Light is 
thereby continually dirown upon the Eardi 
and the Moon, wherever they are, and fo not 
only the Times in which the EcUpies of die 
Sun and Moon, that is, properly of die Earth 
.and Moon, wiU happen, are ihewn, but they 
felves su-e duly reprefented. {a) 

IL As 



Ur(i 



(a) Aitificen generally ereft upon die Ecliptic feme Semi* 
drdes, to reprefent feme of the principal Circles of the Heavens. 
Bat this is wrong, and tends to Confimon ; becattfe thefe Circles 
-bciii^ Qolj imaginary, and arifing from the mfparmi Motions of 
the heavenly Bodies, ought to have no Place in the Orrery : 
Which as it exprefles their nal Motions, ferves to explain^ yet 
is by no means intended to ftpr$fent their Fhitnom€na\ the Phae- 
iKunena and real Motions being in feveral Cafes direiEUy con* 
traiy to one another. To be pardcolar, they have in feme 
affijDed the two Extremities of a Semicircle, which they call a 
moveable Horison by two Hingte to the Ecliptic, at the firil 
Dmee of Arus and Libra % thi^ is a$ if all Horizons neceflarily 
pa&d thro^h thde Points, which is impoffible, becaufe there 
are asaumy Horizons as Points npon the Earth. So that the 
patdng on this Circle is notimly an Impropriety, but is at- 
tended with a neceflary Blunder. A learned Expoiitor of the 
Orrery fays, * when this Machine b fet to any Latitude, (for 

* they have a Contrivance for that too) fet the moveable Ho-^ 

* jizon to the feme Degree upon the Meridian, and you may 

U 2 * ferm 



150 Tie DtCcnp^oti and IJCc Part IV. 

IL As the Orrery is a Machine proper to 
reprefent the real Motions of the Htavenly 
podies, fo the Globes are adapted to their ap* 
parent Motions: And that I may give the 
Reader a juft and adequate J^/f^ of them, I 
(hall premife the following D^fcription of a 
Machine, which though imaginary, will gready 
tend to the true Conception both of their Nature 
and Ufcs. 

In order to this, let us conceive a large 
hollow Sphere reprefenting the infide of the 
Heavens, and on the inner Surface of this Splxere 
let the Sun, Moon, and Stars, be fuppofed to 
be delineated in their proper Places ; and let 
the Sphere be put into a Frame, and hang 
there in fuch a Manner, as that it may be ca- 
pable of turning about an Axia: And let it be 
fo contrived, that either end of the Axis may 
be raifed or lowered at Pleafure. 



< form an Idea of the refpc£live Alti|tades> or Depreffions of the 

* Planets above or below the Horizon, according to that ro* 

* fpedtiye Pofitions, with regard to the Meridian.' 

Now the Idea which the Motion of the Orrery in this Pofttion 
gives me, is that the whole Earth is one half of the Year above 
the Horizon, and the other half below it. For the Ball whidi 
reprefents it in the Orrery is manifeilly fo, while it performs its 
Revolution abont the Sun. 

Again, fome Artifts, in order tamake the Orrery reprefent the 
feveral Phafes of the Moon, make one half of the Ball that 
reprefents her black ; in which caie they are obliged to contrive 
it fo, that the fame fide of the Moon (hall not be always turned 
towards the Earth ; which is contrary to her real Motion, or 
that the dark fide (hall fometimes be turned towards the Sun» 
which is abfurd« 



lo 
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In the midft of this Sphere, let there be a 
fmall Ball to reprefent die Eardi, but fo fixed 
there, as not to turn round with the Sphere, 
and let a Spectator be fuppofed to be placed on 
the upperniioft Point of this Ball ; and to pre- 
vent any Part of the lower, half of the Sphere 
from being vifible to him, let a Plane, that is, 
9 thin broad^Subftance, a Plate c£ Brais for In-^ 
Aance, be fuppofed fixed on that Point of the 
jBall where the Spedatdr ftands> and to reach 
tOn all fides as far as the inner Surface of ^the 
Sphere : This wfll reprefcnt the Horizon of 
that Spectator ; becaufc it: feparates the upper 
half of the Sphere, which we are to fuppofe 
vifible to this Spe(3ator, from the lower, wiiich 
-we muft fuppofe to be outof his Sight. Then, 
as is moil: obvious, by turning this Sphere 
once round; while die Ball, the Sped:ator, and 
the aforefaid Plane remain unmoved, theriiin'g 
and fetting of the Sun, Moon, and Stars,' by 
their paiSing by the Edges of this Plane^ will 
be duly reprefented {a) : And thofe Stars 
which do not go down fo low as the Plane 
^(as is evident if one end of the Axis of the 
Sphere be above it, fome will not,) will be 
thofe which never fet to. a Spcdator on that 
Part of the Earth, which correfponds with the 

- {a] The Reader is to fuppofe here, that in this cafe the 
Sphere is not hong ip its Fnmc in fuch manner, that one Ex- 
tremity of its Axis ihall be dirdEUy Qvcr the Spe^ator; becaufe 
tn that cafe none of the Heavenly Bodies in taming the Sphere, 
^m pafs by th9 i^ge of the Plane. 

U 3 uppermofti 
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lippermoft Point of tke BalU thofe i¥hich 
during the whole 'Re^utioD, do not rife ^ 
high as to come above it» will be thofe whick 
ne^i^ rife. 

Again, if wfe fuppofe a Circle as large as the 
kifide of die Sphere wiil admit of, to be placed 
wiAiin it) in fuch xx^txakx as to have the Axis 
of the Sphere pa£ing dirough two oppdfite 
Points of it, and alfo to have one Point df 
it diredly over the Head of the Spcdator» 
and idie oppofibe one directly under his Feet» 
and to remain unmoved while the Sphere 
torrfs: This will repreient the Meridian of 
that Spedator; and fo the Culminations of 
the Heavenly Bodies, that is, their paffing the 
Meridian in the Heavens, will be exhibited by 
their pafling by this Circle. 

Farther, if we alib imagine an Index iike 
the Hand of a Clock, to be fixed upon one 
t/i the Extremities of die Axis of the Sphere, 
in fuch manner as to turn with the Sphere, and 
to point continually to a Circle fixed on die 
Frame, with the 24 Hours delineated upon it^ 
dnd if this Index be fet to point to the Hour 
1 2, when the Sun's Place upon the Sphere for 
lany given Day, is at the Circle that reprefent) 
the Meridian, then by turning the Sphere diis 
way or that, till the Place of the Sun or any 
of the Stars comes to the Plane abovemen- 
tioned, the Index movingalong with the Sphere, 
will point to the Hour at which they rife or 
fet that Day: And if we obfirve to what 

Hour 
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H^our the Index poinds, when any of them 
crpfljcs the Meridi^ within the Sphere, the 
Time of their Culmination^^ or Southing, wUl 
be pxpreiTed: And fo by this Machine all 
Problems ^^ating to the rii^ng, fetting, an4 
fouthiqg of the Sun, Moon, and Stars, may be 
iolvpd. Thp Reafon why the ^ndex muft be 
C^t tP polqt jto the Hour i a, when the Place 
cf th^ Sun js; brough): to the Meridian, is thaf: 
it n^ay ppint to that Howr, which the real Sm> 
]nd]icat£;s,'When the Heavens fland inr a Pofi- 
ticMi correfppndiog with that of our imaginary 

B\st fince by means of the annual Motion of 
f be Earth roypd the Sun> the Sun continually 
ihifts its apparent Place in the Heavens in fuch 
manner, as to feem to defcribe a great Circle 
once a Year ; it is evident that \t& Place cannot 
be delineated on the infide of this Sphere as 
we have fuppofed, unlefs it be for a Day 05 
a few Hours, during which Time its change 
of Pkce is 6> foK^l that it may be negleded. 
In like manner the Planets are continually 
changing tibeir apparent Places in the Heavens^ 
by nxeans of their Motions ip their cefpedivQ 
Orbits ; neither therefore qan their Places be 
aifigned then), unlefs for a very fmall interval 
of Time. Let us then imagine both the Suii 
jmd the Planets to be reprcfented by little Ball|s; 
adheriag to the inner Surface of the faid Sphere $ 
but le^ it be fo contrived, that each Ball ihaU 
ihift its Place with every Turn of the Sphere,. 

U 4 juft 
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juft To much, and in the iknie Dire^on that 
the Sun or other heavenly Body the Ball re* 
prefents, appears to fhift its Place in the Heavens 
m one Day : And let the Inde^ fhift with the 
Sun, fb that it may always point to 12, when 
the Place of the Sun comes to the Meridian. 

Then, as is moft obvious, will our. Machine 
be fo adapted, that upon turning it round con^ 
tinually, the Change of the Time of the rifing 
and fetting of the Sun, its different Meridian 
Altitude, the vicifTitude and length of Day 
and Night, the alteration of the Time of the 
rifing and fetting of the fixed Stars and of the 
Planets, for fo many Days running, as is the 
Number of Turns given to the Globe, will all 
be exhibited to View : And confequendy by 
turning the Sphere 365 Times round, the Sue- 
ceffioii of the Seaforis will be reprefented 
throughout the Year with abundance mor^ 
or rather will all the remaining Phenomena 
©f the Heavens. - 

This Machine, as hitherto deffcribed, ferves 
only to exhibit the Phaendmena of the Heavens 
as they appear on one Point oiF the Earth's 
Surface, viz. that which is reprefented by the 
upper mofl Point pf the Ball, or that wher'e the 
Spedator was fuppofed to fland. But if we 
imagine the Plane which was put as a Boun- 
dary pq the Spedtator'Q Sight, t6 be applied to 
fome other Point of the Ball and fixed there, 
tiien the Motion of the Sphere will exhibii 
ihe Phcenomena, as tlicy would appear to a 

Spedator 
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Spedator on that Part cf the Earth, and fo for 
tne reft s ^r which comes to the fame diing, if 
while the Plane remains unmoved, one of die 
Poles of the Sphere be elevated above it a» 
many Degrees as the correfponding Pole in tho 
Heavens is above the Horizon of a Spedtatoi^ 
on any Part of the Earth ; then will the Re^ 
yolutbn of the Sphere reprefent the Phaeno^ 
mena as they appear to that SpedtatorJ > Foit 
it is the fame Thing whether the :Pole ba 
lifted up from the' I^rizon, or the Horizan* 
put down below the Pole, {a) 

Now this Machine (except in ipme few 
Particulars, in which it vafUy excels the celef^ 
tial Globe) is exa&ly the fame with it as to its 
Ufes. Thus, the Gbbe turns upon an Asds^ 
either End of which may be raifed or deprefled 
i^t Pleafiire ; and on one of them is an Index 
that turns with the Globe, and points to a fixed 
Circle that has the Hours upon it« There is 
no. Ball is the middle, as we fuppofed in the 
Machine, but the Place of the Sped^tor is al-r 

(a) By means of ^ Orx&cy pp reprefent the real Modons 
of the heavenly Bodies, and fuch a Machine as above defcribed, 
to fhew afterwards how the apparent Motions of thpfe Bodies 
depend on, and are conn^fled with their real ones, the Elements 
of Aflronomy might be taugtit much better than fey any thing 
that has as yet been contrived; or rather, if »I may fo fay, the 
Science itfeU' might thereby be exhibited to View. Fof the 
Orrery, though it admirably, well iliuftrates fon^e Things, par- 
ticularly the Eclipfes, and in general what relates' to theMotiorts 
of the Planets about the Sun, yet it Ihews the Appearancses or 
PhxnOiQena arifmg from thence to a Spedator, ftjppofed tp bp 
at reft upon the Surface of the Earth, but in a forced and unna- 
tural Way. 

3 ways 
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ways fuppoied to be there; and inftesvl of the 
Plane we fuppoied to. touch that Patt of the 
Ball on which the Spectator ftaads, %od to be 
extended everj^Mray as £ir as the inofer $uriiice 
of the Sphere^ there. is abroad wooden. Circle 
on the outfido of the Globe, (which: is Purt 
of the Frahie of it) exadly where that Plane 
would pafs, was it continued beyond the Sur^ 
£ice of die Globe, and fo anfwers the^Ufes of 
duit Pkne. ' In the next Place, inftead of the 
Circle we fuppofed fixed within die Sphere and 
paiiing through the Zenith, and Noair of the 
Spectator, and through which the Axis of the 
Sphere: pailes, there is a brazen Circle on the 
outfide of the Globe, and in which it fwings. 
And inftrad of the. Stars being on the inner 
Surface, they are here on the outer one^ and 
die Conflellatbns are delineated in their prqper 
Forms. Then as to the Places of the Sun 
and Planets, Artificers are content to >leave 
them quite out, and only draw a great. Circle 
reprefenting the Path dE the Sun in its annual 
Courfe through the Heavehs, viz. the Ecliptic^ 
and diftinguifh it into 1 2 Parts by the Signs 
thereof, and each Sign into 30 lefs, which 
are the Degrees thereof Whwsn therefore a 
Problem is to be determined by the Globe, 
requiring that the Sun fhould be delineated in 
its proper Place, you are to look out the Place 
of the Sun fcwr the given Time in fome aftro^ 
nomical Tables, Ephcmeris, or Almanack for 
that Purpofe, or on the broad Surface of the 

Horizon 
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Holri«6a ^ th^ Globe, where there is uToally 
% Tpfefct ihewing the Sun's Place b the Ecliptic 
for ef ery D^y of the Year, and then to mark 
its PUcfe on the line which we faid repre^ 
fitted thp Path of the Son upon the Globe. 
In like inanner, if a Problem is to be folved 
requiring the Place of any of the Planets, the 
Place df th^ Planet for Ae Time given muft 
be looked out jn iacM. £{4iemeris or Almanack^ 
di which there are many publiihed yearly by 
ParkfTy and others, for that Purpofe, containing 
TaUes ezfHieffing the I^n^tude aiid Latitude 
of each Planet for ercry Day of the Year; 
znA marking the Place of the Planet upon the 
<3iebe, by fticking on a Patch, or the like, and 
ietting the Index according to tha Place of the 
jSun ^r the giren Time, and turning the Globe 
fibout, dse Index will ihew the Hme of that 
Planet^ coming to didier Side, of the Horizon, 
to the Meridian, or to »iy Height above or 
fodow llhe Horizon^ &a 

If then Bue Reader will form to himfelf a 
(true Idea of the Machine I have defcribed, and 
of the fnanner in which fuch a Machine ^ cai* 
pable of reprefenting the apparent Motions of 
the heavenly Bodies, he cannot fail of having 
a thorough Notk)n of the Nature of the ce- 
leftial Globe s the main Difference between 
them being only this, viz. that what we have 
fuppofed in the one to be on the Infide, is 
either a^ually in the other on the Outfide, or 

to 
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to be fixed on, or to have it^ Place marked 
there, as Occafion requires. The ufes both o£ 
the ceieftial and terreftrial Globe, as to parti- 
cular Cafis, will be further illuftrated by the 
Inftances at the End of this Chapter, after we 
have confidered fome other Particulars relating 
to each. ' 

' The Circles delineated on the celeftial Globe 
areufually, befides the Ecliptic abovementioned^ 
the Equiiiodial Circle at an equal Diftance 
iirom either Pole, and two Parallels of it, v$z^ 
x>ne on either fide, to reprefent the apparent 
;diurnaL Motion of the Sun, when at ite 
greateft Diftance from the Equator, called 
the Tropics > a^d at the like Diftance from 
either Pole, two more Parallels called the polar 
Circles. Both the Ecliptic and the £i(j[uinodial 
are divided into Degrees,* beginning^^ at the 
Point that reprefcnts . the ^ vernal Equinox^, 
which is Joae.of i^hofe where they crofs each 
other; the Equinodiat into. 3 60, but the 
Ecliptic into 1 2 Signs, diftinguiftied by their 
proper Cbaraxftcrs, every one of which" is fub- 
divided into' 30 Degrees (/z). There ire aMb 
iix Secondaries of the Equator, and as many 
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(4) As to tbe Divifions of the Ecliptic, it is to be obferved, 
t}iat the Degrees belpnging to each .Sign are not to be foun^ 
where the Conftellation whofe Name it bears is delineated, but 
where the Cbaradler peculiar.'to th^t Sign is placed; The Reafon 
of which is, becaufe the firft I>egree of jfries, from whence all 
the reft are counted, being where the Equinoctial cuts the 

• Equator, is not in this Age in any Part of the Conftellation that 

• bears, that Na)nQ> ^s was ac^ouo(ed for above* 

of 
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of the Ecliptic cutbng it in the firft Degree, 
of each Sign ; two of which are alio Seconda-* 
ries of the Equator, viz. the Equinoctial and 
Solftitial Colures. Further, the Globe is fo 
liung in its Frame, that that Side only of the 
brazen Meridian which has the Degrees marked 
upon it, pafies through the Axis of it, which 
Side only, in all Cafes where that Meridian is 
confidered, is therefore fuppofed to reprefent it. 
Upon the broad Surface of the wooden Hori- 
2:on, befides the innermoft Circle divided into 
its proper Degrees, there is a Table ihewing 
^hat Degree of the Ecliptic the Sun is in for 
every Day of the Year, as was obfervcd above j 
in order to which the \z Signs of the Ecliptic^ 
with the Degrees of each, and the 12 Calendar 
Months, are To placed over-againft one another^ 
both according to the "Julian and Gregorian 
Account, that is, according to the old and new 
Stile, as that the Days (3* the one may duly 
anfwer to the correfponding Places of the Sun 
upon the other. There is alfo a Circle, repre^ 
fenting the Winds or Points of the Compafs. 

There is alfo belonging to the Globe a ^tf- 
Jrant of Altitude^ It is a long and narrow 
Plate of Brafs, made fo thin and pliant, diat 
-the whole Length of it may be applied clofe to 
the Surface of the Globe, and having the De- 
grees upon it, {a) ferves to meafure the Diflances 

» 

{a) That Edge which has the Degrees nearefl it, is called ici 
graduated Ed^e^ aad is the only part of it th^t is confidered ia 
the uiing it. • ~ 

of 
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of Vhcci on the Globes; or bekig £xed on to 
the uppcrmoft Point of the Meridkn of the 
celeftml Globe, (for which Furpok k has a 
Screw at one End) and having die other End 
thruft in between the Horizon and the Globe, 
meafures the Height of a Star, or otiier Hea- 
venly Body above the Horizon, (^<'. From 
which latter Ufe it has its Name. 



The terreftrial Globo difiers frem ibe ce<- 
leftial piincipally, in that inil<!ad of the Con- 
ftellations, the feveral Countries of ^ Earth 
are delineated thereon ; and the Circles on this 
Globe are ufualiy the Ecliptic, and the Equa- 
tor, on which are nambered die Degrees c^ 
Longitude {a)y the two Tropic^ the two polar 
Circles, Secondaries of the Equator cutting 
it at every tenth Degree, and Parallds alio 
of it at every tenth Degree on each Side. 
There are alfo drawn upon it Rhumb Lines, or 
thofe which a Ship, keeping die fame Courie, 
that is, fteering continually in the fame Point 
of the Compafs, defcribes upon the Surface of 
the Sea. The Property of a Lme of this 
kind, is that it cuts all die Meridians it pafles 
through, under the fame Angle, and therefore 
is a kind of Spiral continually approaching to- 
wards fome Point. This is called a LaxoJrch - 
mic Curve. 

{a) On fome Globes, the Dcsgrees of Longitude are numbered 
both ways from the iirft Meridiam, till 70a come to die oppofite 
Pomt» and the JUmgitade is aooordingly diftmgniflied into Eaft 
and Weft. 

The 
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The Lih« <€ Varkticm ddfoibed Upon the 
Iterreftriai Globe, Hitw die pifedtion of the 
magf^tic Needte, in thofe Places ia whkh k 
docs iKit point direiSIy ta^lietfds the North. 
For k is obfefved, that the Needle ifl foaie 
*Part6 of the World declines frotn the North 
to the Eaft, and in others to the Weft. 

Further, on the Pedeftal of fome Gbbes 
there is a Mariner's Compais fixed, by the help 
of whfcht the brtiaen Meridian of the Globe 
may be fet North and South. (^) 

After this Defcription of the Globes, and 
general Idea of the Ufe thereof, it may now 
be proper to exemplify the latter by the fol- 
lowing Inftances. 

And firft of die celeftial Globe. 

Problem I. To reSiify the Globe to th 
Latitude of any Place upon the Sur- 
face of the E«rth. 

li the Place be in the Northern Hemifphere 
of the Earth, flide the Meridian within the 

{a) The Armillary Sphere conies the rieareft of any we have 
to that imaginary Machine defcnbed above, for it is hollow, 
and has a Bail m ^e middle to repefent the Earth ; but then 
in all other Refpe^ it is like a Globe> except that the Surface 
is cut away every where, (nnlefs where a Circle is defcribed) 
that you may fee the Ball in the middle. There is one Circle 
left broad enough to reprefent the Zodiac, on which the Places 
of the Stm and Planets may be marked^ as Occafion requires. 

Notches 
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Notches of the Horizon, till there be as many 
Degrees of the Meridian between the North 
Pole and the Horizon, as are equal to the La*^ 
titude of the Place {a). If the Place be in the 
Southern Hemifphere, the Southern Pole muft 
bo raifed to a like Height above the Horizon. 

Frob.il To Jind what Stars never 
rife or never fet in any Place or 
Latitude gweni 

r 

The Globe being redfcificd to the given La-s 
titude of the Place by Problem the fifft, thofc 
Stars which pafs not under the wooden Hori- 
zon of the Globe, during its whole Revolution, 
. never fet to a Spedtator in that Latitude : And 
fuch as do not come up above it, never afcend 
above that of the Spedtator, and fo never are 
feen to rife. 



{a) The Reafon of tlus is,- becaufe to a SpefbLtor, upon any 
Part of the Earth, the Elevation of the Pole is equal to the La- 
titude of the Place; and the Globe is faid to htreaifiedhy this 
Operation, becaufe, by this means, that Point of the little Ball, 
(for foch we muft always fuppofe to be in the middfe of the Glob^, 
to reprefent the Earth) that correfponds to the Place of the Spec- 
tator upon the Earth, is brought to the uppermoft Point thereof; 
and fo the Horizon thereof becomes coiivcident with the Plane of 
the wooden Horizon that furrounds the Globe, and the Pole» 
of the Globe having the like Situation with refpeft to the up- 
permoft Point of the Ball, that the Poles of the World have 
with refpefl to the Place of the Spedator; it is evident that the 
Kevolution of the Globe is fitly difpofed to- exhibit that of tHe 
Heavens, as it would appear to that Spedator, - 

PROB. 
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PitOB^ HL To find the SiinV Tlace in 
the Exliptic^ fit any Day given. 

IF the Day givi^n be ^vccording to the JuUitn 
Account) or old Stile, then in the wooden 
Horizon of the Globe; in the Jutian Kaieft- 
dar, otherwife in the Gregorian^ find the Day 
^ven, over-againft which in a Circle, whioh 
contains the feVeral Signs and Degrees of the 
Ecliptic, is that Degree in which the Sun is on 
that Day. Though it may be found more 
HiiCGurately by an Ephem^s calculated for 
^atYear. Then in the Ecliptic, delineated 
^ti the Surface of the Globe, look for the fame 
degree, and that is the Plac9 of the Sun upoa 
^Bm Globe for that Day. 

i^ndB. IV* l%e Latittide of n Place 
hemg ,giiMnj to find the Time df the 
Sun'j rifing and fettingy and con-- 
fequently the Length of Day and 
Night in that Place. 



Having reAified die (jlobe according to 
Lcttiuide, (by Pr^. i.) and found the Sun!$ 
Place in the Ecliptic (by Pr^. 3.) bring the 
latter to the graduated Edge of the brazen Me- 
f idiaui and holding the Globe Jn ^diat JP^afitioD» 

X ret 
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fet the Hour Index to 1 2 at Noon ; (a) then 
turn the Globe till ^e Suit's Place in the 
Ecliptic comes to the eaftcrn Part of the Hori- 
zon, and the Indent will point to the Hour at 
which the Sun rifes 5 and if you turn the Globe 
till the Sun's Place cuts' the weftern Side of 
the Horizon, the Index will (hew the Time of 
its iefting. 



* T 



pROB. V. To find the Hour of the 
I)ay-i by the Height of the Sun. 

Firft, by the Help of a Quadrant or fonic 
other Inftrument for that Purpofe, obferve how 
many Degrees the Sun is elevated above the 
Horizon. Then the. Globe being redtified to 
the Latitude of the Place, and the Sun's Place 
in the Ecliptic found, and the Hour Index 
duly placed, that is, fo as to point to 12 at 
Noon, ^hen the 9ua's Place is under the 
Meridian 5 and fcrewing the Quadrant of Alti- 
tude on tp the Meridian at the Zenith, (i. e.) 
at fo many Degrees from the Equator, as is the 
Latitude of the Plate. Turn the Quadrant of 
Altitude and the Globe backwards and for- 



{d\ Becaufe when the Place of the San is in the Mericlian» 
the Globe reprefents the Pofition of the Heavens, -in refpedl of 
the given Place, as they are at Noon, or 12 o^Ciock of the Day 
given. And confequentlyy if the Hour Index be put. to 12, 
when the Globe is in this Poiition, as it turns with the Globe, 
It will point to the Hoar that correfponds with any other Pofition 
of the Globe that J>9^. 2 

wards. 
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wards, tilf the Sun'^' Place in the JEclrotic lies 
under that Decree on thfe gr addafcd- Edge of 
the Quadrant of Alditudc, which anf\yfei*$ to' 
Ae Sun's Height found as above, then' wilt 
the -Hour Index point; om the T^iiiie bf the 
Day. {a) 



' •■>. ' 
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Prob. VI. To find the Hour of the 

Nighty by the Height of d^tzr.^^. 

The Height of the Star being found by an 
Inftrument, the Globe reftified, the Quadrant 
of Altitude fixed, and the Hour Index duly 
placed, as in the foregoing Problem, move the 
Globe and the Quadrant, till the Star comes 
under its graduated . Edge, at that Degree 
which exprefles the Height of the Star above 
the Horizon, then will the Hour Index point 
to the Hour of the Night. 

% 

pROB. VII. To find the Place of a Star 
«r Planet upon the Globe, it^ Lon- 
gitude aAd Latitude being given. 

Lay the firft Degree of the Quadrant of 
Altitude, upon that Degree of the Ecliptic, 
which expreifes the gi^en Loibgitude, and the 
nineideth Degree thereof on die Pole of the 

'^ {a) Becaafe when the Sun*s Pl^e is brought to this PoiQt of 
the Globe, it is ib many Degrees above the Horizon, as the 
Son itfelf if above that of the Spe6tatQr« 

X 2 - Ecliptic, 
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Ecliptic, (diat iS| where its Secondaries croft 
each other upon the Globe) either Nc^em or 
Southern, as the gi?en liititude is North or 
South: Then look upon thcQi^drant lot the 
Degree of Latitude givtii» and the Point of 
the Globe which is under that, is the Place of 
the Star or Planet fought* (a) 

Prob. VIII. To nprefint the Appear-" 
ance of the Heavens at any Tttm of 
the Night '^ that is^ to fhew the Si- 
tuation of the fixed Stars at that 
lime, 

ReAify the Globe, and fet the Hour Index 
to the Sun*s Plkce in the Ecliptic, and turn the 
Globe till the Index pomts to the Hour of the 
Night, {b) 

Pr6b« 



(4) The Reafoa of this is, becaafe t&e Quadrant of Altitude 
in this Sitaation, reprefents a Secondary of the Ecliptic an Arck 
of which iAterfeded between die Star and the Eeliptic is its La- 
titude ; and an Arch of the Ecliptic between the Point where it 
IS inttffefled by a Secondary pafiine through the Star» and the 
firft Degree of jfrrViy is its Lonj^tMde. 

(h) For then the Situation of the Stars opon the Globe> wkh 
refped to the Horizon and Meridiaa, will be fimilar to that of 
the Stars in the Heavens 1 «f«. thofe which appear on the 
Eaflern Side the Globe in the Horizon will then be rifing» and 
thofe in the Horizon at the other Side wiU be fatting^ thofe 
which are und^x the Meijdian will then be culi^o^ns^ &c. 

And if by means of aComnafi upon the PedeifUil of m Globes 
yott fet th^ brazen Meridian Nbrth and South, fo that the South 

Part 
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• * 

Prob. IX. The Day of tie Tedr and 
the Latitude of the Place hdng groeui 
to find the Beginning of the Mornings 
and End of ithe Evening Twilight • 

The Glol^ bcmg rectified to the Latitude 
of the Place, and the Hour Index fet to the 
place of the Sun In the Ecliptic, elevate thalr 
De^ee of the Ecllptip rwhich is diaoaetrlcally, 
oppofite to the Sun's place, j8 Degrees abpvi? 
uie Weft Side of. the Horizon (/?}*. and tti^ 
Hour Index will fhew the Time of pay-breaK 
pr the Beginning of Mprning Twilight. And 

Fart of it QaU TfiTp^ the Soutk^P^rt of the Heavens, the Si«^ 
toatioa at the Stan upon the Globe, wii& Tefy%B^ to thr Poiittt 
lof ^e Company. wiU aUb be .fioiilar tt> that off the Suun in thtt 
Heavens at that Time ; fo that by comparing the Situation of 
the Stars apon the Globe, with diofe in the Heavens, you mwf 
(tf&f jDUbe yoorfelf ac(|[ia)«ted with all the Scars» that art 
vifible in t^is Part of the World.- 

If the Situati<ln of the l^oon. or the oth^r Planets is dfo t0 
H MfKtknited, ±§k Places in tUt Zodiac for that Time mtift b^ 
.al^gtfed theai ^ PrqUeni the U/St^ their Loogkude and Ladtjicif 
t)eing firft found by an Ephecperis for that Purpofe. 

{a) Becauftr then the Place gf the Sun will b^^'fi:^ .nlan;jr.De<> 
grees betow on the other Skle» iti which Situl^on ti die Sun* 
We^ obibVd ; abore, that^ thif TwiU ght begiiks. The Qoadran^ 
pf Altitude will fhew when th^ Point oppoiite to that of thp 
San is 1^ Degrees ^ove theHoHson. If this be tiied for any 
Tine while ^ Sni^ is pa^nfe ikgm ^)OQt tlni 5th P^gree (if 
Gemimy to the 20th of Cdstcer, that is, from about the 1 5th of 
May to about the 7th of Juiy^ it will be found that there is no 
^eginnitog tff Siid of T^ig&i*, the Sun never being 1 8 Degrees 
Mow Aff Hi^iieott (In fSte'La^mde ^il0dtm) during that Time: 

• X 3 if 
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if the fame Point of the Ecliptic be raifdd 1 8 
Degrees above the Eaft-Side of the Horizon,( 
the Index will point out the Time when the 
Evening TwiKght ends. 



\ « 



P»b?, Xv 1a account f ok the Phaeno- 
ii\en^ of the Harvcft Moon. 

• / * ' 

\^ About the autun^nal Equinox, when the 
Mobri isjator near tht Puff^ it.rifes almoft at 
the fame Hour lor feveral Nights together j which 
Phaenonienfcoq i& called' the Harveji Moon {a). 
In ord^r t^^neford to* ihevt^' by the Globe how 
^is corned ibout, let u& fuppofe the Place of 
the Suri to-be in the fifft Degree oiluibra^ as 
it always js^at that Eqviinpx, and that of the 
Moon to be in the Point oppofite to the Sun» 
or the fifft Degree of Arie^^ beqiiufe the 
Moon raiift be confidered. as being at pr near, 
the FuU. In this Cafe it is obvious that the 
Moon will rife when the Sun fets, which will 
be at Six of the Clock ; becaufe both Lumi- 
naries are in the Equatt:^ and at oppofite Points, 
Now fine? the Moon performs an entire Revo- 
lution in .its Orbit, (which we will at prefent 
confider 2^s coincident with the Ecliptic) in the 
Space of QOQ Month, it therefore advancds for- 
wards I a Degrees each Day, and confe<|uaitI)r 

(a) Mr, Jobnfw. calls this PhaeBomeooB Ima mhmmaUs^ and 
|s the only Author that I know of that has acconntied for tXh, 
Quacftioi;i^Thilofoj>h. Edit. ada. Pa|« 12^^ 

tbQ 
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die next Night it wiQ be in. the latlLDegree : 
of jlries. . I^t us then enqiiire at nvhtf Hmc. 
the Moon wBI rife this Night, To. tbiaiEndy • 
ndify, the Globe, to the Latitude of the P1kq» 
bring the Sun s Place, which is now the feccmd. 
Degrce.o£X£^ii,.tothe.b£«2CaMearidiM and- 
put the Hfeur . Index to 1 2.; . and. if the^Globe- 
betumedttU the Place of the Moon, w;^;die. 
laith pegrec.of .:i4r?W, cute the eaAerni Side o£ 
tiie. Horifi^n^j.we ihalL find -the /Houi^jlhdek 
will point SkSatly to ' the. Hour of Six, : whkh^. 
asole&iiV'd above, was the Time of the Moon's 
]dfing':tbe Evening befffre.- Aftd thus.lif wrot 
iaveftigate^itbe Time of tb<i Moon s-nfii^g for 
feveral Nights Ipgetber, . bot]^ before ,and after, 
the I^ull, it will be found mueh the faoie in all. 
The Reafon of this: is, tinajt about tbftTime^ 
of the fiUl Moons, whichi happen at tb^ Part 
of the YeaTy the Moon beiijg in the aft^nding* 
Signs of. the Zodiac^ . appears in its nodumal 
Coucfe to .defcribe a Parallel of the Equator 
one, Nighl;/; much: nearer jhe North Pole thaa 
another, arid fo riles ev^ Night moa-e and: 
more to die Northern Parts of the Horizon, 
and. that confid^rd^ly, as pafTing quite fron% 
the Southern to the Northern Tropic in a. 
Fortnight's. Time. Now it. is ^afy to cpnccivei 
that the nearer any of the Heavenly Bodies is 
to the North Pole, the fooner that Body 
(cateris paribus) afcdnds the Horizon : ThuSii 
if the Body be within a little of the Circle of 
perpetual Apparition^ that Body is no fooner 
fct but it rifcs again. In every Lunation there* 

X 4 fore^i 
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foro, ttbife the Moon i» paffing frdm die 
Soo^m to the Nortbcra Tropic^ fone Mi« 
nutes are on that Account to be djcdbded fron^ 
thofe by which it wdt^ld rife later and later 
each Night, did die Plane of its Orbit oMncide 
^th tboit 0^ the E(|uinof9d4; And aa much 19 
to be ^ded while (he piCey fi'om ^Northern 
to the Southern TfojMc. And for die likr 
iLeafon in the former Caie fomethiag ia jto be 
ifiided to the Time it would fet ats ^nd ia die 
la^er a like Quantity k to be dedodied^ 

Ncm sboutthtf Time of -the autiupiial Eqii»» 
nox, die Sun being dien i|i ijita^ or there* 
j^uts, the Moon if ia t^ midil of the afcend« 
iing Signft, when at the Full. Hence it is diot 
Aijuli Moons at that Time of the Ye^, rife 
^little later the one than the other. 

Ill lil^e manner^ if any one thinks^it wordy 
whik to oblerve it, he will find diat the new 
Moon^ in the Spring, rife nearly 4U the fame 
Hour for feveral Nighte fuccefimly, while the 
full Moons (hall f^t one )ater tha^ another, hf 
H greater Difierence than at any G^her dine dF 
the Ve^F. The Kei^on is, becaufe ^ the time 
of the t)ew Moons, which happen at that Part 
of the Year, the Moon is in the afcending Sigai^ 
but m the fuU, in the defGending c^nes* {a) 

(a) It is hert ta be obferv^ that (kis Phasaamen^n is opt th^ 
f»me 2s to Deeree, in dif&rent Years ; b^caufe as ' the lanar 
Orbit iiB inclined to tbc Bdiplk 5 Degrees^ tmd tke Line of it^ 
Nodes is coniinaal^ rev^Wlig roiuid^ tkt IncUmUiot of th^ 
Orbit to the Equator will be fometiin^ |o Degc^ greater thaii 
st others. So that die Moon does aot haften to the Nord^ oi 
ikfaend tatbe Sooth in tnk Rer^lotifn liodi f^«4 fiuae. 

Pkob. 
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IPbob* Xlf 3^ determtMe tie Tme of 
the Year in which a Star rife^ or fets 
Cofmicaliy, or Acronically. 

HaVQig rectified the Globe to the Latkuda 
of the Place, bring the Star to the Horiscon on 
jthe p^ern Side of the Globe, and obferva 
what Degree of the Ecliptic rifes with \U 
Look for that Degree in the wQoden Horizon, 
and right againft it in the Kalendar, you will 
Und thp l^^mth and Day when that Star rifey 
pofmically {a). And if you bring the Star to 
the Weftern Side of the Horizcm, the Degret 
of the Ecliptic which cuts the Eaftern Side 
of the Horizon in that Situation of the Globe, 
wUl give the Day of the Month when th^ 
£ud Star iets co££nically {b). So Ukewife again(i 
the Degree which fets with the Star, you will 
find the Day of the Month of its Acroni^d 
ietting 1 and if you bring it to the Eaftern 
Fart of the Horizon, the Degree of the Eclip-^ 
tic which then cuts the Weftern Part cf the 
Horizon will be the 3un's Place when the 
Star r^es Acronically. 



\m) Per tlitt w3l be tbe Day when the Sun and the Star rHe 
|tt ike faflie tifne, whtdi is he cofmical Riling. 

{b) Tbe cofnks^ letting cf a Star being its CettiRg^at Son-rtfe. 



Prob. 
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pROB. XII. *To find the Time of the 
Heliacal r^^g" and Jetting of yU Stan, 

Having rcftified the Globe to the Latitude 
of the Place, bring the Star to the Eaftern 
Sidd of the Horizon, and apply the Quadrant 
of Altitude to the Weftern Side in foch- manner 
Aat its twelfth Degree may cut the Eclfptic, 
if the Star ^be of the firft Magnitude {aj. '^Thtn 
will the Point of the Ecliptic oppofitc to that 
which is cut by the Quadrahty be 12 Degrees 
below the Horizon. Look for this' Degree on 
the wooden Horizon, and over-againft it, you 
wiir have the Day of the Year, when the Star 
rifcs Heliacally. To find the Heliacal- fctting, 
bring the Star to the Weftern Side of the Ho- 
rizon, and tarn the Quadrant of Altitude about 
to the Eaftern Side, till the 1 2th' Degree of it 
cuts the Ecliptic; then that Degree of the 
Ecliptic which is oppofite to this Point, is the 
Sun'^s Place at that Time of the Year when the 
Star fets Heliacally. 



» \ 



yt) Becaufe a Star of the firft Magnitade being abov^die 
Horizon, may be feen when the San is 1 2 Degrees below it. If 
die Star be df the fecond Magnitude, that Degree of the Edifdc 
snnll be taken, which is 13 Degrees bebw the Uori^pn wbci^ 
the Star xifcs; if of {he third, tte« the v^, i^c^ . ^r. . ^ 
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Prob. -X^n. *n>e Day of the Months 
the Tjtne <f the J^ay^ and the Lati^ 
tude of the Place heing ghm^ to find 
thereby the Hour of the Day\ - decor d- 

. i«g to. the BabylQni9, Italic, and the 
Judaical Way of reckoning, 



I » t • • f 
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1. To find the Baiylomc Hour >( which, is 
reckoned from the Time of the Rifing of the 
Sun) having found the Time of the Sua s rifing 
in the given Latitudev. tj^c Number of Hour^ 
between that and the Time given, is the Hour 
of the Day according to the Baby Ionic TNzy of 
reckoning. 

2. To find the BaHc Hour (which is 
reckoned from Sun fetting) firft find the Time 
at which tlie Sun ifets on the given Day. The 
Time elapfed from that to the Time given; 
will give the Italic Hour fought. 

3. To find the Hour of the Day accordini 
to the Jeivijh Way of reckoning (one of whicl 
Hours is a twelfth Part of the Time that the 
Sun continues above the Horizon, and they are 
reckoned fi-om Sun rifing,) firft find the Hour 
.the Sun fets at, this being doubled will give thq 
Number of Hours the Sun continues above the 
Horizon on the Day given. - Then as that 
Number of Hours is to j 2^ fo is the Number 

of 
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of Hours fince Sun rifing, to the Ruddied 
Hour required. To find the Hour of the 
Nighty double the Hour the Sun ri^ at, and 
£ty, as that Number is to 12, fo is the 
Number of Hours iincc Sun fetting to the 
Hour required. 

Thus m the Latitude of London^ when the 
Sun rifes at 4 of die Clock and iets at 8, if the 
Hour given be 5 in the Evening, the Bubyiomc 
Hour will be the I3th9 the ItaUc the 2,1% 
and the Jewfb Hour wUI be Nine and three 
Cj^rters. 

Fro B. XIV. To find the Pktce 9f any 

' of the Heavenly Bodies upon the 
Globe, from their ri^ht Afcenfion 
and DecUnatim. 

Bring that Point of the ]E^quator which ext- 
pr^fles ihe right Afcenfion given, to the brasen 
Meridian, and look upon the Meridian towards 
iktp Nprid^ 9r South Pole, according as the Der 
cUnsiliQn is North or South, for th(: Degree of 
Pectination g^ven, undetr which is the Place 
fcught {a),. 

(a) For in this Cafe the Meridian is made to reprefent a Se- 
condary of the Equator pafiing threugb the Place, an Arck of 
vbich iTnig bi^tiveea the Flitc^ and tlie £qiiatpr is the DccUoii^ 
^oa» and the Diftance between the Place of |h^ Equator througli 
which it pa/ics^ and ;he firft l^^gFcp af^ ^r/fj, is tlie ri^ 
Afcenfioiu 



ce 
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Of the Terreftrial Glpbct 

pROB. XV. From the Longitude and 
Latitude of a Placcj upon the Sur^ 
face of the Earth ^eing gi%ien^ t9 
find the Place upon the Globe. 

This Problem is muth tljre fame whh the 
taiV, only inftead of the celeftial, we ufe the 
terreftrial Globe; and mftead of reckonings 
the Longitude from the firft Degree of Arie^^ 
the Point from which right Afceniion is 
reckoned^ it muft be Counted from the firft 
Meridian, 

Bring the Degree of the Equator, which 
mimbers that of the Longitude given, to the 
brazen Meridian, upon whieh count towards 
tt^ North of South Pole, according as the 
Latitude is North or South, till you come to 
the Number of die Latitude, under which is 
the Place fought, {^a) 

(0) In fonae diobes the Degrees off Longitode vet linmbered^ 
totk Ways iam tbe firft Me#idiiliip till they meet in the ttpfOh. 
fite Point, and the Longitude is diftinguifhed into £aft and Wefl» 
as obferved above^ In fach. Cafe it muft. be known which 
ihe given LoA^nttic iar of. 



1? 
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P^ OB. XVI. To detertnine the Difference 
^f Time in different P laces » 

Find the Longitude of each Place, by the 
Converfe.of the laft Problem, and reduce the 
Difference into Time ; which is done by al- 
lowing an Hour for every 1 5 Degrees, and fo 
proportionably for leflfer Parts, the Number of 
Hours, &c. thus found, will be the Difference 
between the Time of the Day at one Place, 
and that at the bther. {a) 

Prob. XVII. lofind the Diflance ie- 
twem two given Places^ and the 
Angle of Pofition^ that isy the Bear^ 
ings of themj or the Situation of 
one from the ^ other ^ with refpeEi to 
the Points of the Compafs. 

Redify the Globe to the Latitude of one of 
the Places, and bring that Place to the brazen 
Meridian > then &x, the Quadrant of Altitude 

{a) The Reafon of this is, becaafe as the Earth by tarning 
ronnd its Axis, brings all Places to the Sun once in 24 Hours; 
that Place which lies 15 Degrees to the Weftward of another, 
comes to it an Hour later than the other ; and fo the Inhabitants 
of this Place are an Hour later in their reckoning of Time than 
at the oth^ Place. And the contraiy holds of Inch as live to- 
wards the EalU 

to 
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to the uppermoft Pdiilt of the Meridian, and 
putting; the lower End of it between the Ho- 
rizon and the Globe, Aide it about till it pafles 
through the other Place, and the Number of 
Degrees^ upon the (Quadrant between Place and 
Place, turned into Miles by reckoning 60 to 
eich Degree, will give the Diftance between 
them 5 and the Number of Degrees upoii the 
Hoi^izon, between the Meridian and the Foot 
of the Quadrant, will give the Bearing of the 
Steoiid, or its SituaticMi from the firft, with 
^refpeft to the Points of the Cdmpafs. 

* - . * . 

P R o B - XVIII. To find a Meridian Line 
partly by the Help of the celefiial 

Globe. 

• 

Set the Hour Index to the Place of the Sun 
in the Ecliptic, and turn the Globe till the 
Pole Star, that is, the Star which is the neareft 
the Axis of the Globe, comes under the Me- 
ridian, either above ca: below the Pole 5 above, 
if you. find that the Index in that Situation of 
the Star, points to one of the Hours of the 
Night, otherwife below'; and mark what Hour 
the Index points to. Then at that Hour "of 
the-Night hang up two Plummets, letting their 
Weights: hang in. Water to prevent their. vi- 
brating, in fuch maimer that the. String of one 
of dieni may be diredly between the Pole Star 
and the String of the other. Then will a Lbe 

drawn 
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drawn from one String to the otho*, or the 
Shadow of the one when it falls upon the 
othery be a Meridian Line* And 

This I take to be a much iiiore accurate, w 
well as an eafier Method, than the commoof 
one of fixing op a Pin upon a Plane» drawing 
a Circle about the Foot of the Pin, and ob- 
ferving where the Extreouty of the Shadow of 
that Pin enters the Circle in the Morning' and 
goes out of it in the Afternoon, and drawing. 
a Line from the Foot of the Pin through die 
middle Point between thofe Places for a Mc^ 
ridian Line. For this latter Method require? 
more Care and Trouble fo do it accurately, 
than they who have not tried it would imagine; 



CHAR XVL 
Of the Equation of Tkne. 

WHEREAS Time confbntly pa(&s f)tt 
with an uniform and regular Fhiir, it is 
evident there is no pofliUe Way accurately to 
meafure and compare the {everal Intervals of It- 
One with another, but by the Motion <if foaw 
Body whofe Progre& is <as uniform anfd regular 
as'idelf. To tfa^ End it was natunil ^o |iitdK 
upon the Son, whofe Motion is obvious to ally 
and feemingly r^ular enoi:^h for ^tot Pu£pb&# 
But by the Circumfpe^dfim umI iboaurate 01i<^ 

fervations 
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fervatioiis of Aftrbnomers, it is difcovered ftbt 
to be fo ; and tHat neithef the Days, nor even 
the Hours themfelves, as meafufed by thd 
Motion of the Sun, are of an equal Length, 
And this upon two Accounts, ds will appeal 
from the following ConfiderationS. 

I. A natural Day, or 24 Hoiirs, Is that in-" 
terval of Time, in which the Sun feems to pafs 
from the Meridian of afty Place to the fame 
again : Had therefore the Earth no Motion 
but about its own Axis, and confequently the 
Sun no apparent c^ne along the Ecliptic, all 
the Days would be 6f an equal Length, as 
depending only on the Motion of the Earth 
ibout its Axis, which is Uniform:. But firicc 
the Earth is conftantly Moving in its Orbit, 
the fame Way it turns about its Axis, the Sun 
is always in appearance advancing forwards. 
When the Earth therefore is turned rdund, 
and a Speftator upon its Surface brought again 
to the Place he was at the foregoing Day at 
Noon, It is not yet Noon with him, the Sun 
in appearance having advanced to the Eaftward 
in thd mein time ; fo that the Spectator muft 
be carried farther ftill, vitt. fo many Degrees 
, as the Sun has advanced that Way, before he 
can be brought to the Mieridian the Sun is 
ifi i^d). Now by Reafbn of the unequable and ' 

. (a) This ia tile Relfon that the Length of ^e Diy is not 
cxadlly equal to the Time, in which the Earth performs its Ro<* 
tation about its A;cis> which is, zi was obferved in Note (/), 
Chap. I. I^ut 23 Hours 56 Minutes and 4 Seconds. 

y , irregular 
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irregular Motion of the Earth in its Orbit, or, 
the irregul V apparent Motion of the Sun dong 
the Ecliptic depending thereon, th? Number 
of Degrees the Sun advances Eaft wards each 
Day, is fometimes greater and fometimes lefs ; 
and confequently upon this Account, the Days 
mufl; differ one from another in Length ; and 
therefore the Hours alfo, fince each Day is fup-? 
pofed to confift of 24, be it long or ffiort. / 
11. Was the apparent Motion of the Sun 
through the Ecliptic uniform and regular, yet 
as the Ecliptic is oblique to the Equator, and 
therefore equal Portions of the one do not 
correfpond to equal Portions of the other; 
the Motion of the Sun, when referred to the 
Equator, would not be uniform > or, which is 
Ae fame Thing, thofe Points of the Equator 
which come to the Meridian with the Place of 
the Sun on different Days would not be at 
equal Diftances one from another {a) 5 which 
as to the Time of the Sun's appearing in the 
Meridian, or its fhewing- the Hour of the Day 
upon a Dial, is the fame as if it had. an irre- 
[ular Motion along the Equator ; and there- 
fore muft caufe it to render the Days unequal 
^mong themfelves, 

^ Asthefe Cauf^s are-independent of each other, 
they fometimes ecHafprrc together; fometimes 
they are contrary the one to the other. 

> {a) Thu is eafily 'tried- upon a Globe, wiuire if we bring 
every tentk.^Degree of the Ecliptic to the brazen Meridian, w« 
(hall find that each tenth Degree of the Equator will not come 
thither with it. ^ ..•..•.».•.. 

V The 
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-The Time which an uniform Mbtioh .would 
tntrk outi is called tru^ ^me\ ikid that whidi 
is indicted hf the 3uii> is appareM lipie^ and 
|he Di^tnce between thefe is termed tie 
EqUMtM of Timei When the abotementbned 
Caufea haxre cdndiltted foT fometkne^ to render 
the apparent Motion of the Sun too qiuck or 
tioo floWi this Difference is confiderai^ 
About ^ I jth of O&obeTy it is die greateft 
ef alls *t which Time the Sm is 16 Minutes 
9nd } i Seconds too fafti 

r ,, I I T i m , H i ..I - . ;- ! - •• i rn 1 ' I 1 - i r I ' •mf , - ' ,,i,,, 

c tt A p4 xvn* 

Of the Divilioii of Tim0* 

THE feveral Parts of Time axe princi- 
pally diftinguifhed by Days^ Hours, 
Weeks, Months, Years, Cycles, Periods, and 
iBras. Of which in their Order. 

By a Day, according to the moft natural and 
obyious Senfe of the Word, is meant that 
Space of Time during which it cMtinttes to 
be Light y and. thus is (^pofed to that wherein 
it is Durjty which is caBed the Night. But 
this Space of Time being femewhat vague and 
indeterminate, die Time between the Sun's 
R^ng and Setting is ufually looked upon as 
the Day, and the Time which lapfcs from its 
fetting to its rifing agab, the Night. 

Y 2 But 
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But the Word Day is frequently taken in a 
larger Senfe, fo as to include alfo the Night, 
and to denote the Time of an whole apparent 
Revolution of the Sun round the Earth. la 
this Senfe it is called by fonie a natural Day, 
and by others an artificial one ; but what fome 
call the Artifidal, others call the Natural. To 
avoid which Confufion, it is ufual to call it in 
the former Senfe, (imply the Day, and in the 
latter a Nucbtbemeron j by which Term that 
Acceptation of it is aptly denoted, as- being a 
Word that implies both Day and Night {a). 

The Nucbtbemeron is divided into 24 Parts; 
called Hours, which are of two Sorts, Equal, 
and Unequal or temporary. The common 
Divifion of the equal Hour is into Halves and 
Quarters: But Aftronomers; and thofe who 
are more accurate in dieir Account of Time, 
divkle the Hour into fixty Parts, called Mi- 
nutes^ and theie again into fixty Parts called 
Seconds, &c. And here we may obferve, that 
the Word Minute is taken in a double Senfe, 
ather to denote the fixtiedi Part of an Hour, 
and is therefore by Way of Diftindion ibme* 
times called an Horary Minute ; or eke to fig* 
nify the fixdeth Part of a Degree, in which 
Caie it may. be called a graduary Minute, or 
Minute of a Degree. 

Different Nations and People begin their 
Day at a differ ent Hour. Thus the Egyptians 

ia) A Creek Comfoimi cfti^ lUsbt, uA v/upt Dty. 

began 
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be^n their Day at Midnight; from whom. 
Hzpparcbm introduced that Way of reckoning 
into AAtonomy J znd Copernicus and others 
have followed him. But the greateft Part of 
Aftronomers reckon the Day to begin at Noon, 
and fo count 24 Hours till the Noon of &e 
next Day> and not twice twelve^ according to 
the vulgar Computation. 1 

The Method alfo of beginning the Day %% 
Midnight prevails in Great-Britain^ France, 
Spainy and moft Parts oi Europe. 

The Babylonians began their Day at Sun-, 
rifing, reckoning the Hour inunediately before, 
ks rifing again, the* 24th Hour of the Day,, 
From whence the Hours reckoned in this 
Manner are called the Babylonic. 

In feveral Parts of Germany^ they begin 
their Day at Sun*fetbng, and reckon on till it 
fets the next Day, calling that the 24th Hour, 
Thefe are ufually called the Italian Hours. 

The "Jews alfo began their Nucbthemerm 
at Sun-fetting, but then they divide it into 
twice twelve Hours as we do, reckoning 12 
for the Day, be it long or fhort, and 1 2 for the 
Night (a). So that their Hours continually 

(<?) ^^cprdipg to this Way of reckoning, the Hours of the 
Day me.ntione4 in Scripture ^r^ to be und^rftopd. The Je^s 
alfo divided the^ Night into four Qi^^ters, called Hootches y each 
Watch containing three of their Night Hours. And diftinguiftied 
them fometimes according to the Order of their Succeffion. Thus 
we find in Scripture Mention of x\i^ fecondy thirdy zxA fourth 
Watch, fometimes the firft Watch was called the heginnning of the 
Watches \ the fecond, the middle Watchy as not being ended till 
Midnight; and the fourth, the Morning Watch, The firft alfp 
was fometimes termed the E'vening ; the fecond Midnight ; the 
thild^ th? Coch'(r(rwing'y and the fourth, xHi^Deewning of the D^, 

y 3 varying 
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varying with the Length of the Day and 
Night, the Hours of the Day were lon^ 
diw ^G^e of die Night ont half of the Ycar» 
and the contrary the other, From whence 
rs are called ^emfwary: Thefe at 
of the Equinoxes became equal, be* 
e^tufe ^e Days and Nights are ib then. The 
Romans alfo reckoned their Hours after this 

Manner, as 4o the Tfirlks ^t dys Day (a). 

\ 

A Week confifts of the feven Days in mo& 
Countries, CEdled after die Names of the Planets 
as obierv^d in tke foregoing Note. But be^ 
caufe Eafter We^ wa$ formerly efteqned the 

(a) This kind of Hours safe alfo called PUtutwy^ becaofi: 
the feven Planets were anciently looked upon ^s prdidin? over 
the AfBurs of the World, and to take it hj tiHns each ot thefe 
Hours, acc^rdjfig to the Allowing Order, Sahim firib, then 
Ju^ter, Morsy the Sun, Venusy Mercwj, and lail of all the 
Moon. Hence they denominated each Day of the Week from 
that Planet whofe Tnrp it was to rtign ot prefide the firft Hoi^ 
pi die Nuchlfemeron. Thus aligning the nrft Hoar of S^furdof 
to Saturn^ the fecond will f^ll to Jittery the third to Mars^ 
and fb the twcnty-feocHid of the fame Nuckbemeron will fall to 
Saturn agaiQ^ .and therefore the twenty-third to Ju^nr, zad x^ 
iaft to Mars, So that on the firft Hour of the next Day, it will 
fall tp the Sun to prefide. And by the like Manner ot reckon- 
iBg the firft Hour of the next will fall to the Moop, of the next 
ito Marsy of th^ next to Mercury^ of the next to Ju^ter, of the 
next to Venus. Hence the Days of the Week came to be dif-. 
tinguiihed by the Latin Names of Dies Safurni, So/is, Luna^ 
Martisy Mircuriiy Jovisy and Veneris \ and among as by th^ 
If ames of Saturdi^y Sunday, Monda^y Tuefdi^y Wednejdiry, Thurfdai^^ 
and Friday. For, as Saturdi^y ^unday^ and Monday plainly denote 
the Day oi Saturn, the Sun, and the Mw» j fo Tuefday, Wednefday, 
^hurfday^ and Friday, demote the Day ofTuifco, IVoden, Tbor, and 
frigoy which are the Saxon Names reipeftively anfwering to Mars* 
Mercury^ Js^ter, and Venus, ^el/s'^ Chronol. Chap. ll. ^ 
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firft or prin<;ipal Week of the Year, and each 
Pay therepf was a f'crja or holiday 5 hepce . 
the fevqral Days- were dlftinguiflied am^ng the 
primitive Chriftians, by the Names of %ria 
primar fecunday &c. that is, the firft, i^cqa^ 
Holiday, ^c. But the Sunday, or Feria 
pritna^ was otherwife ftilejl by them the 
JuQrd's Z)<?^, as being t^e Day ot our Lord's 
Hefurredion la). 

Moqths are diftingulflied principally int3 
ifwo Sorts I viz. Solar and Lunar. The Solar 
Month 15 .either A/irojfmical or Civil {b). Th? 
tyunar Month is divided into Periodical^ Syna* 
dicaF^ and CiviL The Ajirorwrnical Solar Mon^h 
is the Titne the Sun takes up in paiEng through 
one of the Signs of the Ecliptic. 

The Periodical and Synoaical Lunar Months 
have already been obferved ; the former to be 
equal to the Revolution of the Moon about 
jhc Earth, viz. zy Days, 7 Hours, and 43 Mi- 
nutes I the latter, the Interval of Time that 
lapfes between tvvo fucceeding Conjundions of 
the Moon with the Sun, viz. 29 Days, i? 
" Hpurs, 44 Minutes, and 3 Seconds* 

* 

{a) Tbe Hebrew Word wWch in Ae old Teftament is ren- 
dered JVeekf fignifying a Colledlion of (even, is there fometicies 
lifcd ' for feven Years ; and in Conformity thereto, our Engiifi 
Wosd Week in thofe Places muft be yitderftood to imply not a 
Jf^eek ofDajSy but a Weeky or ^yftem of fenjen Years. 

{h) A Mopth or Yea;: is denominated C/i;/7/fr6m its being 
i3f common Vk in my Republic or Society of People. 

y 4 Now 
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Now becaufe in commoQ Ufe it would be 
inconvenient to have the Months to confift of 
odd Pieces of Days ; \X was ufual among the 
^,ew$y Greeks^ and Romans^ (till Julius Cafar 
made an Alteration) in ord^r to adapt their 
Months to the apparent Motion of the Sun^ 
tb.have their IVIonths confift of 29 and 30 Days 
alternately, one of thefe Numbers being about 
half a Day above, and the other about half a 
Pay lefs than the Synodical Month; fo that 
by this Means the fame Appearances of ^e 
Moon wojald happen neaily pn the fame Dajr 
of the Month for a long Time together. This 
Month thus adapted to the la ft mentioned 
lunar Month, is called the Civil lunar Mqnthj 
and is ftill made ufe of by the Turks. 

The Egyptian Months confifted of 30 Days 
each, J 2 of thefp make a Year wanting 5 
Days, which they added to the End of the 
Year, and from thence called them Epago-^ 
menae, or Supplemental, 

Now becaufe 1 2 civil lunar Months want 1 1 
Days of a Year, it is evident that the feveral 
Seafons of the Year muft in Time fall upon 
different Months s to prevent which, Julius 
Cafar ordained, that the Month fhould not 
be taken from the Motion of the Moon, but 
from that of the Sun ; that they (hould ponfifl: 
alternately of 30 and 31 Pays, apd that ^i?^ 
bruary fhould contain 29, and every fourth 
Year 30. But it happened afterwards that the 
JSfarnc of the fi^th Mopth, wl^ich was formerly 

» / Sextilis^ 
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' ^extilis^ was in Honqur of the Emperor jiu^ 
gu/ius changed for that of his, as that of the 
foregoing Month \^/W;/rV had befor? been, in 
Honour pf his Fathtr Julius ; and therefore 
lince this Month con'fffted but of thirty Diayj 
according fo the Iriftitution of Julius Ccefar, 
one more Wjas added to it, to maHe n equal to 
the foregoing one, that the Honour paid to the 
Son might riot feem to fall fhort of that which 
was pai^ to the^ t ather, '' Upon this, the next 
Month, viz. Seftemierj was reckoned but 39^ 
the next 31, and fo oh, that the alternate 
Order iaibovcmentioned might not be deflroyed, 
till 'Januaryy which, according to that Order, 
ought to have had but. 30. But this Month 
being fo'najned in Honour of jfanus, the God 
of Time, It was thought improper to rob 
the God of a Day; wherefore Feoruary was 
reduced to 28, and every fourth Year to 29. 
And fo the Months came to iland as they are 
in our Calendar, from whence they are called 
Calendar IVIonths.. Thefe are properly ciijil 
Solar Months n 

The ^principal Dlvifion of the Ygar is alfd 
into two kinds, viz. ^olar 2ind Lunar i each 
of which are again divided into AJlronomical 
And Civil. ^ ^ 

The Aftronomical Solar Year is of two kinds, 
viz. tropical and Sydereal. The former is the 
Space of Time which lapfes while the Sun ap- 

fcars* to move from either of the Solftitial or 
Eqpinodtial 
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Equinodlial Points to the fame again* Now 
by Reaibn of the continual Prcceffion of the 
(aid Points, whereby they do as it were mcjet 
the Sun, this kind of Year is fomething lefs 
than the Syderedl one ; which is the Time in 
which theBarth performs an entire Revolution 
in its Orbit, or in which the Sun fccms to pafs 
from any fixed Star to the fame again. The 
former confifts of 365 Days, 5 Hours, 48 Mi- 
nutes, and ^y Seconds ;Vthe latter of 365 Days^ 
i> Hours; 9 Minutes, and 14 Seconds, and is" 
alfo cisilled Periodical^ or jiinomalifiicdL The 
'Aftronomicai Lunar Year confifts of 1 2 SyiK)- 
dical Months; and is therefore 354 Pays, 8 
Hours, 48 Minutes, and 36 Seconds. 

The CSvil Lunar Year is alfo of two lands, 
Hnz. moveable and fixed -^ the moveable civil 
liunar Year confifts of i 2 civil Lunar Months^ 
which being but x 54 Days, falls fliort of a Yeair 
by II Days, fo that the beginning of this Year 
varies with refped to the Seafons, till it runs 
through them aU, which it does in ^bout 32 
Years Time; and from hence it is denomi^ 
nated M?w:^^/?, or xht wandring Lunar Tear: 
As the Turks now make Ufe of the civfl 
Lunar Month, fp they alfo do of this civU 
Lunar Year, 

In order to render this l?:ind of \^it fixed^ 
that is, to prevent the Seafons from fljifting 
from one Part of it to another, the Greeks^ 
anfl the Romans^ till 'Jidius Cafar'^ Time, after 
every three Years added a Month of thirty* 

three 
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diree Days, idiich they called EmboUnueus^ of 
the iTtttradmy Montli, 

fiut baranfe this Mediod is not fufficient, 
(fix the ciril Lunar Years fall ftiort of thft 
Aftronomicai Sohqr Years above ii Days^ 
others iadsipt fiich Intercalotidns to dbiem as do iti 
a mannier sender the h^aning of them fixed 
to the faoM Part di the Solar Yean Hencff 
dacfe Ywrs puG^rly intercalated ar^called^^^ 
Lunsor Years, as alfo from their Depehdency 
cm die' Motion both of the Sun and Moon^ 
X^amu&olar Years. Years of this kind are ufed 
by the Jews^ and f^ Clergy of the Chiirch c^ 
jSe^/T^ in l^eir Ecckfiaftical Afi&irs. > ^ 

The ciwl Aftronomical Year is aifo either 
fmive/Ak\ov fixed. The^ moveablt one was irf 
Ufe among thfc Ej^ftikns^ and is from thence 
jKdieA, •the: EgyptifiiiY^. It confined of 36 )f 
Pays^ wcki therefbre feil fhort of the tropics^ 
Year, -with which ali die Seaibns return, neai 
fix Hours, fo that four fuch Years are-lefs 
thaa £bar AjSxonomiical Sol^ 5ne$, by alnnK>ft 
a wfedbe Day, aiad therefore in 1460 Years/ 
the beginximg of the: Year would fafs through 
all the Seafons. 

Although the Romans did not ufe this kind 
of Year, yet theirs, tdcing one Year with ano- 
Jther, was of the fartie Length (a) j Juitup 

(a) For having, as ol^i^rved above, fix Months ef 29 Days 
pach, and fix oT 30, aiid an Initrc^ikry Mahthof 33 Days, at 
Che End of every third Veari tfieif Years ^onfifted one with 
^mother of 365 Days. 

Qafar 
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Cafar therefore to fix this Year, when he 
rectified the Calendar, and threw out the civil 
lAinar Months, to make up the fix Hours 
which this Year wants of the true Agronomical 
Solar Year, and with which only the Seafons 
keep pace, ordered.thar every fourth Year ihould 
have an intercalary Day, /. e. that a Day (hould 
he added to the Calendar, over and above thofe 
it contained the other three, or that every fcnirth 
Year ihould contain 366 Days. Hence it was 
^at, as we obfcrved above, February came to 
have 29. Days every fourth Year. But he. did 
80tadd.it to: the End of the Month, but or* 
dered that the fixth of the Calends of Marcb^ 
whic|;i according to our way of- Reckoning is 
the a4th of* ir^ir<ir)f, Should be reckoned 
twice* Upon which Account that Year was 
wont to be called Bijfextilis^ and is ftUl re^ 
tained by us under the name of Leap Yean 
From hen$:e» Years reckotied after this Manner 
are called Julian Years. 

But however the Year wasnot rendered^^^ 
hy this me^ns, for it was now too long by 
about eleven Minutes, and therefore varied 
from the Sun about a Day in 131 Years. So 
tiiat from the Time of the Nt'cene Council, (in 
whiich the Rule was eftablifhed for the Time 
of celebrating Eajier). to the Year 1582, in 
which Pope Gregory the '13th undertook a 
farther Reformation of the Calendar, there 
was found to have rofe a Variation of 10 Days, 
the vernal Ecjuino:?: being obferved to fall oq. 

thQ 
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die I ith of Marcb^ which at the Time of the' 
Nicene Council, fell on the 21ft. The P<^ 
therefore' in order to bring back the Equinoxes 
to the Time of tlk Y^r they feil upon at the 
Time of that Council, took thofe ten Da3r$ 
out of the Calendar by ordering the 5th of 
OBober 1582, to be reckonM the 15th, which 
necelTarily removed the following Equinox 
from the i ith to the 2.1ft oi March. And to 
prevent the Seafons of the Year from going 
backwards for the ftiture, he ordered that every 
hundredth Year, which according to the Form 
inftituted by Julius Ccefar was to be ^ BiJ^ 
jextile or Leap Year, (hould be a common one^ 
and confift only of 365 D^^s, but that iince 
too much would be taJcen away by this Means^ 
every fourth hundred Year fliould remain Bif^ 
Jextile. 

This Method being eftabUAied by Pope 
Gregory^ is called the Gregorian Account, or 
the New Stilty as being new in comparifon of 
that eftabliihed before by Julius Ccefar^ which 
is now called the Old: It is obferved in all 
Places where the Papal Authority is acknow* 
kdged ; and alfo, towards the End of the laft 
Century it was received by many of the re- 
formed People in Germany. In Great-Britain 
and Ireland^ and fome reformed Nations of 
Ae Northern Parts of Europe^ the old Julian 
Form is ftill retained. But above an hundred 
Years - bcin^ now lapfed fince the above- 
mentioned Reformation of the Calendar, and 

3 ^** 
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tbc hundredth Year not being noiade a oMfimM 
ODe> as in the Gregorian Method ; the Greg^gn, 
Account differs now frditf ^e Julian one T>9if 
more than it did at its firft Inftitutionj fo that 
that Day which according to the Old iStik is 
the firft of the Month, is dde 1 2th of die famt 
according to the New^ 

As the Form of the Year in differ en€ Nations 
is various, fo alfo is the Beginning of it« Thus, 
the Jews begin dieir Ecclefiaftical Year with 
the new Moon of that Month whofe fu^ 
Moon happens next after the vernal Equinox^ 
The Church of Rome^ with the Sum^ that 
falls upon the ikid full Moon, or that happens 
next after it; that is, with the Feaft <^ the 
Refurreftion of our Lord. The Grecians began 
theirs, with the new Moon that happened 
next after the Summer Solilice. And the 
Romans anciently began theirs with the new 
Moon next after the Winter SoHlice. The 
VenetianSy FlorentineSy ' Pifans in Itafy^ and the 
Inhabitants of Triers or Treves in Germany, 
make the vernal Equinox the Beginnbg of 
their Year. The ancient Clergy made the 2 5th 
of March, or the Feaft of the Blefied Virgin^ 
the Beginning of the Year ; which Method 
the Church of England flill retains; and ac- 
cording to our Law the Year, begins here too, 
though in Things that do not require a legal 
Date, we, with the neighbouring Nations, 
look upon the firft Day of January to be the 
Beginning of the Year. ^ 

The 
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TJie Perfians ftill retain the J^ypLian Year, 
and the Ppriod in which the firu Day of it 
paffqs through all the ^es&xx^, of thf Aurono- 
mical Sokr Year, "oiz* J46oYears^ they call 
the Sotbiacal Period^ or ^r^^/ Dog-Star Tear 5 
as being reckoned to begin in that Year in 
which ihtDog'Star {ev^Sotbis) rifes Heliacally 
on the firft Day of the Month n:)otb^ which 
is the firft Day of their Yean 

A Cyde Is a contiQqal and fuccefiive Revo* 
lution of^a pertain » Number of Years. The 
Cycles are four^ vtz^ the Cycle of the Sun, the 
Cycle of the Moon, the Cycle of Dionjifius^ 
the Cycle of the Indiftion. 

In order to apprehend the Foundation and 
Nature of the Cycle of the Sun, it muft be 
obferved that to each Day of the Year is af- 
iigned in the Calendar, fome one of the firft 
feven Letters of the Alphabet A, B, C, D, E, 
F, G, the firft Letter A being affixed to the 
firft Day c^Januaryy to the fecond B, and fo 
to G. After which the Letters are repeated 
again in the fame Order, A falling to the 8th, 
B to the 9th, &c. By which means> becaufe 
the common Year contains 52 Weeks knd one 
Day oyer, the Jaft Diy pf December has alfo 
the Letter A affixed to it. The Letters bei^g 
appropriated in this manner to each Day of the 
Year, it follows, that whichever of the Letter^ 
belongs to any particularDay in the firft Week 
of January^ than Letter will belong to the 

fame 
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fame all the Year long. But fince the fame 
Letter, viz. A, is affixed to the laft, which 
is affixed to the firft Day of the Y6ai*, it 
is obvious, that at the £nd of one' Year and 
beginning of the next,' two fucceeding Days 
will have the fame Letter A; fo that if 
Monday had an A the laft Year, Tuefday has 
it this, and Monday the G: And therefore the 
Letters will move backwards with refpeft ttf 
the Days of the Week ; for Inftance, that 
Day which has G one Year, will have F the 
next, after that E, then D, and fo on to A ; 
and confequently the fame Day will run 
through the feven Letters in feven Years Time* 
But before the feven Years are expired, a Leap? 
Year will intervene, having one Day more 
than common, which Day is added at the 24th 
of February (tf ), and has the fame Letter that 
the 24th has, fo that in this Cafe, as there 
was a Change or Regreffion of the Letters, 
with refpeift to' the Days pf the Week, upon 
the Account of two Letters coming together at 
the End of one Year and the beginning of the 
next, there will be another like Change in 
February alfo ; and therefore, as in the formef 
Cafe, the fame Letter would have run through 
all the Days of the Week in feven Years; 
this fecond Change happening once in four 

(a) Some {zy it is added after the 28th, and that it has the 
Tame Letter with thatl From this Uncertainty there arifes a 
Difficulty in fixing the Day of the Celebration of the'Feftivai 
of St. Matthias^ which has occasioned ^ ^^eat Diipute among 
the Learned. 

years. 



/ 



CKap.XVlI. Of the DivlBon of T\me. 195 

Years, the CoUrfe of the Letters is fo oft inter-* 
rupted, that it does not becoeoe the £Kne again, 
till after four times 7, or 28 Years. 

Thns, fuppoie a Leap Year begins with a 
Sunday y it will end with a Mmday s in which 
Cafe, A and G will be the Lhmnkal or Sunday 
Letters, becaufe A is appropriated to the firft 
of January^ and G to the 30th of Decemier: 
But fuch another Year cannot retiu'n till after 
28 Years, as any one that tiiGB will readily find > 
the Coniequence of which is, that diofe two 
Letters cannot be Sunday Letters again in one 
Year, till after that fpace of Time. And be- 
caufe the fame Sunday Letters do return after 
every 28 Years, that Term is called the Cycle 
tf the Sunday Letter ^ or otherwife, though not 
fo properly, the Cycle of the Sun {a\ 

The Cycle of the Moon is a Revolution of 
1 9 Years ; after which Time, as was anciently 
fuppofed, the new and full Moons would fall 
upon the fame Days of the Year again {&)* 

This Cycle is therefore of great Note in the 
Chriftian Church, a Method founded upon this 
Suppofitbn, being ef):ablifhed by the Fathers o^ 

{a) The ninth Year before our Saviour^s Birth, was the ^r& 
of this Cycle ; from whence may cafily be known what Year 
of it the prefent is. The firft of this Cycle is always Leap Year, 
and has for its Dominical Letters G and F. And the Letter A 
is, as already obferved» always affixed to the firft Day of January. 
Prom which Data may at any Time be computed what is the 
Ssmday Letter for the prefent Year, and from thence what Day 
pf the Week each Day of the Year falls on. 

{b) This is alfo called the Metonic Cycle from Meton^ the 
Author of it. 

Z the 
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the Nicene Council, for finding the Time of ce- 
kbrating£i^^, and the other moveable; Feafls 
of the Church for any Time to come. 

In order to underftand which, we muft ob- 
fervc, that as the Chriftian Paffovcr, or Feftival 
of Eajler^ fucceeded the Jewijh one, the Time 
of its Celebration was regulated by that upon, 
which the Jewijh Paffovcr was at its Infti- 
tution, by God himfelf appointed to be kept,, 
which was on the fourteenth Day of the firft 
Month, according to the manher of reckoning 
among the Jews^ Exod. 1 2. Now the Jjewift) 
Months being Lunar ones, each Month began 
upon the Day of the new Moon, or however 
at the Time of its Heliacal rifing,. and fo the 
full Moon fell upon the fourteenth of each 
Month. And further, that Month was called 
the firft of the Year, whofc full Moon or four- 
teenth Day, either fell upon the vernal Equi- 
nox, or was the firft that fucceeded it. And 
at the Time of the Nicene Council, when 
the Rule for finding Eajier was drawn up, the 
Equinox fell, or was thought to fall, on the 
2 ifl of March. But becaufe our Saviour's Re* 
furre^ion, which the FeftivaL of Eafter is A^ 
ligncd to commemorate, happened on a Sundays 
it was ordered that it fhould not be kept on 
the full Moon, but the Sunday following. . Ac- 
cordingly the Rule then cftablifhed for finding 
Eajler^ and which is flill made ufc of by the 
Church, runs thus; EaJier^Day is always the 
Jirjl Sunday after the firjl full Moon^ which 
happens next ajter the One and twentieth Day of 

March,. 
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March, ^nd if the full Moon happens upon a 
Sunday, Eafter-Day is the Sunday after. 

The Foundation of thfe Rule being thus ex- 
plained, it remains now to (hew the Meaning 
of it, which is ncit fo obvious as at firft Sight 
It appears to be. 

It is to be obfervcd then, that in order to firid 
on what Days of the Year the new and full 
Moons would happen for the Time to come, 
the ancient Method was to obfervc on what 
Day of each Month the new Moons fell in 
each Year of the Moon's Cycle, and to the 
faid Days refpeftively to let the Number of 
the Year in their Calendar. Thus, obferving 
that the new Moons in the firft Year of the 
Cycle fall 6n January the 23d, February 21, 
March 23, &a to thofe Days they affixed the 
Number i. And in like manner obferving, that, 
in the fecond Year, they fell on January 12, 
February 10, March 12, &c. to each of them 
they put the Number. 2 ; and fo for each Year 
of the Cycle. And on Account of their great 
Ufefulnefs, or becaufe they were wrote in 
Letters of Gold, the Number thu? fet to the 
Days on which the new Moons fell, were 
called the Golden Numbers (a). 

The Numbers being thus affixed in the 
Calendar, it is only looking for the Golden 
Number of any Year, and over againft it you 
have the Day of each Month of that Year, oa 
which the new Moon happens. 

{a) In the Table for finding Eajfer for ever in fome Common 
-Prayer-Books, they arc lliled Prime Numbers, probably as being 
placed in the Prime or firH Column of the Calendar. 

' Z 2 Thus, 



1 98 Of the pivifion rf Time. Part IV- 

Thus, at the Time of the Nicene Council the 
Time (^ the new Moons might be accurately 
enough found, but not at this Time, becaufe the 
new Moons do not happen at the &nie Time of 
the Year every 1 9 Years, but fall fhort an Hour 
and half, which in 304 Years comes to a Day, 
fo that now the new and full Moons fall almoft 
5 Days fooner than th^ are {hewn to do by the 
Golden Numbers, aflmed to the Calendar* 

However, as no proper Audiority has inter* 
ven'd to alter die Method of finding the Eajier 
full Moon by the Golden Numbers, eftabli£bed 
at the Nicene Council, that Method is ftill re« 
tained in the Church. And therefore to under* 
(land the abovementioned Rule aright> it muft 
be fuppofed, that by the fiill Moon is meant 
the Time of the full Moon as found by the 
Golden Numbers affixed to the Calendar in the 
Common Prayer-Book, and not the true fldl 
Moon, as found in an Almanack^ or by Aitroi- 
nomical Obiervation {a). 

The Calendar Year confifting of 365 Days, 
and each Revolution of the Moon being 29 
Days and an half, it follows that there will 
be 1 2 Revolutions of the Moon in each Year 
and 1 1 Days over ; fo that on whatever Year 
the new Moon happens on the firft Day of 

{a) The firft Year of Clirift wss in the 2d of this Cydc. 

By the abovementioned Method the true new Moon may at 
any Time be fonnd, if we dedad five Days in Confideration <if 
the abovementioned Deficiency in the Moon's Cycle* and fap« 
pofe the new Moon to fall &ve Days fooner than that Method 
ihews it to do. 

the 
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the Year, it w^ili happen atfo that Year elevea 
Days before the End of it ; the next Year 22 
Days- before the End of it; the next (3.3, that 
Is^ cafting out 30, as is the Way> for 009 . 
intire Lunation) 3 Days before the End of itj 
and fo on. Thefe Numbers are the Epaa,, 
Their Ufe is to find the Moon's Age at any 
Time. You add together the E^aS for the 
Yea,r, and the Number of the Months from 
'March indufive (for obfervc, it is then thp 
Year is fuppofed to begin in this Account) and 
you h^e ,the Age of the Moon when th6 
Month begins ; add therefore the Day of the 
Month to this Sum, and you have the Age of 
the Moon at that Day. But this Way of 
reckoning is very grofs, and will err froni 
the Truth a whole Day fometimes, 

' By multiplying the Cycle of the Sun and 
Moon together, we have a third Period, con- 
taining the Properties of both the other two, 
fo that at the End of this Cycle not only the 
Day« of the Week have the fame Letters 
belonging to them, and fall on the fame Days 
of the Month, but the new and full Moons 
alfo fall on the fame Days of the Year, fo that 
ihe Time of celebrating Eajier and the other 
Feftivals of the Church, return to the vciy 
fame Days of the Year. From whence this 
is called the great Pafchal Cycky and fometimes 
from its Author, the Dionyfian Cycle {a). It 

U) This is alfo by fome called th^ n&man Period. 

2 3 confifti 
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coniifts of 532 Years, and the firft Year of it 
was 457 Years before Ghrift. 

The Cyck of the IndiSlim is a Revolution 
of J 5 Years, made ufe of by both the Greeh 
^nd Romans^ probably upon fome political Ac- 
count. \ It has no Relation to the Motions of 
the Heavenly Bodies. The Nativity of our 
Saviour fell upon the 4th of this Cycle. 

By multiplying the three Cycles of thp Sun, 
Moon, and Iqdidion together, arifes a Term 
of 7080 Years, galled the "Julian, Period/, 
which as it began feveral hundreds of Years 
before the Creation, and is not now ended, 
^d in all probability will not, fo long as the 
World ftand^, is of iingul^r Ufe in Chrono- 
logy, as taking in ^1 Events, both paft^ prpr 
fent, and to come. 

This Period was invented by fofeph Scali^er^ 
gnd began 2^7 13 Years befgrc Chrift, 

An Mray otherwife called an Epochs is a 
Continuation of Time beginning from fome 
certain Point, as from a Root, and continually 
proceeding forwards without beginning again. 

That which is oi principal Npte among 
Chriftians, is the iEra of Chriift. 

The Author of this iEra was Dimyfivf 
ExiguuSi who flourifliQd about $06 Years after 
Chrift^ He bpgan it on thp Annunciation of 
the Virgin Afory, or the 251th of March; the 
.25th pf Mqrcb, as he fwppofed, immediately 
preceding the Nativity of our Lord : but it i^ 
now generally thought that our Saviour w*s 
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born the December before that; wherefore 
others, beginning the ^ra from the Nativity 
it felf, or the ift of January following it, 
reckon almof): a quarter of a Year before thofe 
who adhere to the Dionyfian Account. 

The Englijb zndi Irijh flill adhere to die 
Dionjffian Account in their ecclefiaftical and 
dvil Affairs, which all the reft of the* WotM, 
and even they themfdves in common Account, 
have laid afide for that which begins ^t January 
the firft. This iEra is frequently reckcmed> 
backwards, as well ^forwards: Thus, it is 
nfual to fay an Event happened fo many Yciars 
before Chrift. 

The firft Year of this -^ra, agreeably to 
what was obferved above, anfwers to the 
4714th of the Julian Period. 

There are feveral Epochs or jura's of lefs 
Note, which I fhall but juft mention; this 
Chapter having already run out to a much 
greater Length, than I at firft intended. 

The iEra of the Creation according to the 
Greek Church, and which is- now of Ufe in 
forae Eaftern Nations, begins before iht Julian 
Period, viz. 5508 Years before Chrift. Tho* 
others, among whom are the greateft Aftrono-. 
mers, begin it fomethbg lefs than 4000 Years 
before our Saviour's Birth. 

The iEra of the DefiruSHm of Troy ^ accord* 
ing to Dionyjius Halicarnajfeus and Diodorus Si^ 
cuius, begins 1 1 8 1 Years before Chrift.. 

The iEra of the Olympiads, or Olympic Games 
pf \Jit among the Greeks, 776 before Chrift. 

Z 4 The 
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The. i^ra Vrbis coffditai 6v of the BuiUit^ \ 
efRomei made U£b pf by die Romans^ accord-' ] 

ing to V^irro,, began 753 Years befcnrc Chriftj 
according to the F^i Capitolinij 752* 

The ^ra of Nabonajfary made Ufe of by 
th0 Chaldeans and Egyptians^ famous among 
Aftronomers^ as confiiling of Egyptian Years, 
whiciy. are. diftorbed by no intercalation. - It 
Ix^gins 747 Years b^ore Chrift, 

The -flBra of xh& Death tf Ak:i;anJer the 
<;f A«, . 3-24.; 

The ^ra of the City rfjiniiochy 49. 

The ^a of the Juiian Reformation of the 
Calendar^ 45. 

Tht Mta ji&iacay ^o. 

The Dioclejian Mra^ 284 Years after Chrift. 

The iEra of the Hegira^ ov Flight of Ma-^ 
homef, ufed by the T$4rh and jirahs, 622 after 
Chrift. 

The Mr^ of Tefdegird, or Ferfian JEra^ 
632 after Chrifh 

N. J5. A Year in the -^ra's of the Death 
of Jde^ander^ and of Nabonajfar^ coniifts but 
of 365 Days^ and a Year of that of the jH^- 
^iw is only 354* 

As the Subject of this Chapter, thpu^ 
founded in ji/ironomy^ relates principally to 
the Science of Chronology^ of which this Com^ 
pendium is not deiigned to treat ; I have little 
more than thrown a few Definitions together, 
leaving it to thofe who would fee more on the . 
Subjed:^ to confult fuch Authors as have wrote 

more 
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ipore largely »ereon i zsGregory^ Knl^ JVelk^ 
Whatfy, orik the '^Common-Prayer, Solder, on 
Time, ^s^ many otJberSi 



S E C T. IJI. 

Of the phyfical Caufe of the Mnim 
of the H^ORXtdy Bodies^ 

CH A P, XVIII4 

Of the Forces nefeffary to retain re- 
^«««^ Bodies in circular and other 
OMts. 

f • * 

r 

And firfl . of. ^^adies revolving in 
■■■" Circular 'Orbits. 

IN order that a Body may nK).ve round in 
th& Gircumferea^^ of a Cirtl^, it i^ requi* 
iite, that as foon a$ the Body begins to move^ 
fome Power or Focce :cQntinually a^ upon it^ 
in fuch manner as to ixiake it bend it$ Courie 
every MjCHi^ijent towi&fds the Center of the Circle; 
beciufe ftsjs obvipus to conceive, it would 
othierwife^ c«ly move, right forwards (tf); for in 
Confiderations of this.l^d, we do not fuppofe 
the revolving Body, tp be afFeSed even by its 
own Weighty or any other moving Caufe what- 
ever, except that whereby its Motion is made 
circular : And becaufe the Circumference of a 

(^^ $«c Pact L Chap, iy« 

Circle 
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Circle is every where equally diftaot from the 
' Center thereof, it is ohvious there muft be the 
moft exaB Adjuflment imaginable b^ween the 
Power that retains the Body in the Circle^ 
whatever that Power be, and the Endeavour 
the Body has to move right on in a ftraight 
Line : For in Cafe the former be an wer- balance 
lor the latter, it will Wng the Body nearer 
and nearer to the Center of the Circle it fhould 
defcribe ; and on the other hand, if it be too 
weak^ it permits it to viiO^t farther zxA farther 
off. So that the Body, inftead of a Circle^ 
will defcribe fome other Figure, which will be 
of this or that Form, according as the Force 
the Body moves with, compared with the Power 
which bends its Courfe, is greater or lefs ; and 
not only fo, but as the latter (which is fome- 
times the Caf^) a£ts more or l^fs powerfully, 
as the revolving Body comes nearer or goes 
£irther from the Poifit it revolves about. And 
here we may have recourfe to a Fadt obvious 
to every one, which will in fome meafure il- 
ludrate what we have been fpeaking of. Let 
a Ball be hung up by £i String: This Ball, 
when drawn a little to one Side, will endeavour 
to return back to the loweft Point, as if there 
were fome Power feated in that Point to draw 
it thither from all Sides. But the Body may 
have a Caft given it iideways in fuch Manner, 
as that by Virtue of the Ca(l, and by Virtue of 
its Tendency to the loweft Point together, it 
ihall defcribe a Circle parallel to the Horizon 5 
or inftead of that it may be made to defcribe 

othef 
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other Figures, as Elfipfes fuppoie, which will 
bfc of various Forms according to the Force and 
Direction of the Caft given to the Ball* And 
if we fuppofe feveral Balls hung up, which 
when removed to equal Diftances from their 
loweft Points, fhould tend thither again widi 
unequal Forces, and thefe Forces urging them 
by different Laws and in Jifferent'Mznncrs^ the 
Figures defcribed by them^ when thrown fide<r 
ways with this or that Force and . Direftion, 
will be proportionably different one from ana-' 
jhcr. Now in this Suppofition, the Caft which 
.is given to tbe Ball fideways, corrcfponds with 
the Endeavour a Body revolving in the Cir- 
jCumference of a Circle or other Figure, has to 
jnove right on continually, and Xo to leave the 
.Center it ought to revolve aboutT and the Enr- •> 
deavour, Struggle, or Tendency dlie Biall, when 
drawn to one Side, has to move to^yards the 
lowe^ Point, or rather the Power which is, as 
lit wer«, fiSftted in that loweft Point, and occar 
lions the abovementjoned Endeavour or Ten- 
dency in the Ball to move thither, corrcfponds 
with the Power we fuppded above heccflary to 
retain a Body in the Circumference of the 
Circle 0|: .other Figure it defcribes, and which 
by bendmg the Courfe of the Body inwards, 
^hat is, towards the Center of the Figure, prcr 
vents it from going off in. a ftraight Line. 

We are therefore, in the next Place, to enr 
quire what pegr^e of Force or retaining Power 
is neceffary to bend the Courfe of a Body in 
fuch Manner that it ll^^ill d^fcribe this or that 

' ' * ' Orbit 
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Orbit {a) \ but fioce tHejFIanets both 'primary 
and fecoodary, as alib.ihe Comets, defcribe 
Orbits either circular or elliptical, as obierved 
above, we will confine oorielves chiefly to the 
Confideration of the Forces- necefiary tb retain 
revolving Bodies in fuch lOrbits. 

. This Subjed: has been already totiched upon 
in the firft Part of ^\%:Xhmpendium \b\ under 
the Title of Ceuiripetd and Centrifugal Forcesi 
but little* more is taken Notice of there, dia6 
what was requifite to^fhe^ the Poffibility of 
fuch a Motion as we*^re>ipeaking of, and t6 
explain theTcrms, which^are thefe that follow, 
mz. Centripetal Force, w that v^hereby the re- 
volving Body is preveiited torn going on in it 
right Line : ^ The Cenfrifiigal Fwce, or that by 
^ which it endeavours to go c^ in fuch a Line. 
Thefe, like Adlibn and ReaAion, are equal in 
all Cafes, atd therefore called by one cotnmon 
Name, C^«/iriat/ Forces: »That whereby the 
Body continues its Motion, is the Pr^e&ik 

{a) For unlefs we can meafure the Forces we sfllgn» and f«y 
they are exadly equal to the £fFe6ls we fuppofe them to produce* 
it would be^in vain to affign diem at alL And this is what makes 
the Difference between true and faHe Philoibphy. The former 
by a mathematical Scrutiny > (as it were by a kind of Menfarati<m) 
finds that the Caufes afligned are jufUy adapted to tke Fa6b ac* 
counted for; while the other, by ft conjefbiral ksm( of Method^ 
sdigns Caufes which perhaps are plaufible at firft Sigh^» but when 
meafured by the Rules of Geometry, are found either too fmall 
or too great for the Effl^ds they are furaKyfied to produce. 

This was the Cafe of Dts Cartes^ Vortices, the Dodri^e of 
which captivated the whole Philofophical World, and continued 
to do fo, till they were weighed in that unerring Balance, and 
thereby diicovered to be inadequate to the Fmpofes for whicit 
they were contrived. - 

{h) Chap. VIU. 

Force v 
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Force; wid die Tioie in which it rcvol?cs once 
round, is called the Periodical Time. The 
feveral Cafes proper to be con£dered, ihall be 
comprized in the following Propofitions. 

Propotsition L 

When two or more Bodies revolve at equal 
Diftances from the Center of the Circle they 
deicribe,. but with unequal Velocities, the central 
Forces neceflary to retain them, will be to each 
cAher, as the Squares of dieir Velocities. That 
is, if one Body revolves twice as faft as the 
other, it will require y^«r times the retaining 
Force the other does ; if with three times the 
Velocity, it will then require nine times the 
Force to retain it in its Orb, &c. {a) 

N. B. We do not here confider the Magni- 
tude of the revolving Body, becaufe we fup- 
pofe the Power at the Center, to a<9: upon every 
Part of it alike, fo that the larger it is, the . 
more forcibly in Proportion it is aded upon ; 
and therefore it is the fame thing, whether it 
be large or fmiall, 

{a) Let BDF Pig. 25* reprefent a Circle whofe Center is S, 
clraw ABC a Tangent to the fame at the Point B, and let there 
be a Body moving from A towards C, and let it be fnppofed to 
be deftitute of Weight, or whatever elfe might alter its Courfe. 
In this Cafe it would defcribe the right Line ABC ; but when it 
comes to B, let it begin to be ae\ed upon by fome central Force, 
or retaining Power feated in S, foch as ihall ^rxr^its Courfe at B 
from a redilineal to a circular one, and a^ng upon it afterwards 
In every Inftant of Time in like manner, fhall caufe it to de- 
fcribe the Circle *BDFB. Let us then proceed to eftimate the 
Quantity of Force exerted in producing one o£ xhtk Befi(iiftgs i 
m order to which lee us conceive a Point of the Circle as D to 

2 be 
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be the very next to the Point B» thoi^ taken at fome Difiance 
in the Figure to avoid Connifion of Lines. Parallel to the 
Diameter B F draw die Line C D, and parallel to the Tangent 
BC the Une DG» draw aUb the Line BD, which will be ths 
Diagonal of the Parallelogram CG. Now it is well known 
that fuppo&ig' a Body woiud move from B to C, and by Virtue 
of fome other Force adUng upon it at the fame Time, would 
move from B to G« it will ndther move to C nor G> but to D; ' 
that is, its fh-aight Courfe will be ^ent into a circular one at B, 
for that is what is meant by its moving from B to D when B and 
D are contiguous, as is here fuppofed. BG therefore is the Spaee 
Over which the revolvinc; Body would move by that Adlion of 
^ the central Force whi£ caufes the Bend at B» or any other 

Point of the Circle. And as BG is equal to the Space over 
which the revolving Body would move by Virtue of the central 
Force, it will always be proportional to the Force it felf. The 
Value of that Line is therefore now to be determined. Join the 
Points D and F, then (by 31. El. 3.) the Triangle BDF will be 
nghtangled at X), and confequently (by 8. and 6. £1. 6.) BG : BD 

BD^ 

; : BD : BF, from whence BG = -^^5 but when B aind D 

Br 

are contiguous (as is here fuppofed} the Difference between the 
Chord BD andthe ArchBD vanifhcs, fo that BG =^^^4^^521 

or 

Having thus found a Quantity proportionable to the Ad of the 
central Force requifite to retain a revolving Body in a Circle^ we 
may proceed to eftablifh the following fundamental Lemma. 

LEMMA L 

9^ Space that a Bod^ retained in a Circle^ by Virtue of any 
ttutral Force^ *would move over in a given Time^ by Virtue of that 
Force only, is equal to the Square of the Arch defcrihed in that Time, 
divided by the Diameter of the Grc/e. 

Dem, The Aftion of a central Force upon a revolving Body 
h analogous to that of Gravity upon falling Bodies, arid therefore 
the Space a Body would move over by Virtue of that Force 
only, is as the Square of the Time that AdUbn continues : As 
then the Square of the Time the Arch BD is defcribcd in (the 

Points B and D bemg contiguous as before) is to -5^^ which, 

by what was fhewn above, is a Quantity equal to the Space the 
Body would move over towards the Center in that Time, fo is 
the Square of the Time given to the Space the Body would move 
over by Virtue of that Force in that Time. If we then put / to 

cxpreft 
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exprefs the Time the Arch BD would be defcribed ia, T for die 
Time giyen, and S the Space the Body would move over towaids^ 
1^ Center in that Time, we ihall have this Proportioa« 



Viz.. 

Let the Arch tl^ Body would 
defcribe in the Time T, be the 
Arch BN^ then becaufe the Mo 
tion of the Body in the Circum- 
ference of the Circle is uniform, 
we have 

Squaring the laH Proportion, 
we have 

Altering the Pofition of the 
Means in the firf( Proportion, 
we have 

Comparing the third and 
fourth Step together 

Turning the £fth Step into 
an Equation 

Dividing the kft by BD4 



3 
4 

.5 
.6 

7 
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/:T: :BD:BN 

M:T9 ::BD9:BN* 
^ BD^ 

BD^:BN<i::^:S 

BF 



Corolt From this Lemma it follows, that the central Force 
requiiite to retain a revolving Body in the Circumference of a 
Circle, mufl be fuch as, fuppofing the projedile Motion flopped^ 
would caufe the Body in the Time it would otherwife delcribtt 
any Portion of that Circumference, to move towards the Center 
of the Cirde over a Space or Diftance of fuch Length, as would 
arife from the Divifion of the Square of that Portion of the 
Circumference by the Diameter of the Circle. And Gonfe^^ 
quently, it will in all Cafes be proportiqnable to the Square of 
t^e Arch the Body would defcribe in a given Time divided by 
the Diameter of the Circle : Becaufe the Force exerted in any 
givei^ Time is proportionable to the Space ibcaufes a Body t^ 
move over in that Timcj 

To illuibrate this, fuppofe the Diameter of the Circle 25 
Feet, and the Arch BN id Feet, and that the rev(^ving Body 
inoves over thofe 10 Feet in a Minute Then the Square of 
B'N, which is lOO, di\rided by the Diameter, or 25, gives 4 
Feet: The central Force therefore at S. necefiary to make the 
Body revolve in the Circle BNF at the Rate of 10 Feet in a 
Minute, muil be fuch, as fuppofing the Body left to itfelf at B» 
(that is, without any Motion at all fow^irds C, or .any Weight 
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et Gravity d its own) would make it more ovt^ 4 Pecc towards 
S in a Minute. Again, fuppofing Things as before, only that 
the Body revives with but half its former Velocity^ that is, that 
it defcribes but five Feet of the Circumference of the Circle in a 
Minute ; then the Square of that 5 Feet, which is 25, divided 
by 25, the Diameter gives f ; Id mat the central Force in this 
Cafe muft be fuch, that by Virtue thereof a Body deftitute both 
of Weight and projedile Force, (hall move over a Space i Foot 
long in a Minute. And codvcifely, if there be a Circle, whofe 
Diameter is 25 Feet, and there be a Power lodged in the Center 
thereof capable of caufing a Body to move over the Space of 
4 Feet in a Minute ; then in order that a Body may be made 
to revolve round in the Circumference, of diat Circle, it muft 
be thrown forwards in a DirefUon at right Angles with the 
Radius of the Circle, with fuch Velocity as would carry it over 
the Space of 10 Feet in that Time. And if the central Force 
be capable of caufing it to move over but i Foot in a Minute, 
then It muft be thrown forwards with a Velocity that fhall make 
i( move at die Rate of only 5 Feet: Or, fince die Velocity 
)s uniform, and therefore the Arch defcribed is proportional to 
the Time it is defcribed in, inilead of an Arch as BN to calculate 
with, we may take the whol» Circu^iference, and fay, that the 
Space a Boify luould move ov& by Virtue of the Central Force alone^ 
in the Time it defcribes the 'wbole Circumference^ is equal to that 
'which <wouU arife froyu the Di*vifion of the Square of that 'whole 
Qrcumference by the Diameter of the Circle, And this is that 
^a£l A^ufiment between the central and projedile Force wc 
have been fo long in Search of. 

Suppofe then we would calculate, how far a Stone would 
fall by its own Weight, in the Time in which, if thrown for- 
wards mth a fuffident Velodty, it would move quite round the 
Earth in a Circle. Eet us call the Diameter oi die Earth, that 
IS, the Diameter of the Circle it defcribes, i, then the^ Circum- 
ference thereof would be 3 nearly, the Square of that 3, is 9, 
that divided hy the Diameter i, gives 9; lb that a Stone would 
fall by Virtue of its own Weight through a Space equal to 
about 9 Diameters of the Earth in the Time it would revolve 
once round it. But it is here to be obferved, that the Stone 
muft be fuppofed to be of the fame Weight during its whole 
Fall, that it is of at firft ; and fo in all other Cafes, we fuppofe 
the Energy of the central Force to be the fame at all Diftances 
whatever, unlefs when the contrary is expreiTed. 

We have hitherto been confidering the Energy of the central 
Force, by comparing the Space it would caufe a Body to move 
over in any certain Time, with' the Space the Body ought to 

defcribc 
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dfcfcribe along the Circumference of the Circle in the fame 
Time : Let as now take it in another View, and compare the 
Velocity a Body ought to move with to defcribe a Circle» with 
the Velocity it would acquire in moving over fome certain Space 
by Virtue of the Central Force only ; from whence will arife a 
JPtopofition very ufefnl in Matters of diis kind; and which for 
Diitindbon Sake we will call 

LEMMA IL 

. l^he Vdociiy a B$dj^ ought to ' rrvol*ue imtb in the Qreumferenit 
of a Circle f is fuch <u it nuould ^icquire in moving hy Virtue of the 
central Force only^ over half the Radius of that Circle^ 

To explain this, let the Body be fupppfed at Reft at B, and 
let it be aded upon hy a central Force at ^ : Upon this the Body 
will proceed towards S with a Motion, which will increafe eveiy 
Moment (becaufe as in the Cafe of falling Bodies we fuppofe the 
central Force adling upon it with the fame Intenfenefs, whether 
the Body moves or not) and the Inftant it gets half Way to the 
Center S, it will have acquired fome certain Degree oi Velocity; 
that's the Velocity it ought to move with along the Circum- 
ference of the Circle to render its projectile Force an exadt 
Counterbalance to the centripetal one of the Power at S. Thus; 
fuppofe there were a Loadftone fixed at S, and a Piece of Steel 
at B, divefted of its own Weight, fo that it might be at Liberty 
to move freely towards the Loadftone, and to make the Inftance 
parallel to the Cafe before us, let it be fuppofed that the Load* 
ftone attradls the Steel with the fame Degree of Force at all 
Diftances, then whatever Velocity that Steel would have when 
it had got half way to the Losulftone, that's a Velocity with 
which, if the Steel were thrown from B along the Tangent BC, 
it would move round in the Path BDFB not approaching towards 
or receding from the Loadftone. But the Steel muft be fuppofed 
to meet with no Refiftance from the Air, for if it does it will 
continually lofe fomewhat of its Velocity, and fo after fome Re* 
volutions would fall upon the Body of the Loadftone. Again', 
fuppofe it were required to. find the Velocity a Ball ought to be 
thrown forwards with at a fmall Diftance from the Surface of the 
Earth, that it ftiould move quite round in a Circle, keeping the 
fame Diftance from the Surface of it all the Way. It muft be 
fuch, as that Ball (upon a Suppofition that Gravity a£b with 
the fame Degree of Force at all Diftances from the Center of the 
Earth, as at the Surface) would acquire by falling halfway from 
the Place it is thrown from to the Center of the Earth (for that 
is fuppofed to be the Seat of the Power that gives it its Weight, 
and thereby hinders it from moving forwards in the Direction it 
is thrown in). And that Velocity is eafily calculated from 

A a what 
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viAtU was demonftrated^ Pan 1. Chap. V. ( 4, or 5, fuppofiog; 
as Httgats has dettrmincd Yxy very accurate fixperimencs, that a 
Body tear the Smface of the Earth Ms 1 5 -^ Paris Feet in the 
fitft Second of Time. But enough of this by Way of Explica- 
tion, it is Time to demonftrate what is here affirmed. 

Bern, Let the Diameter of the Circle be 16 Feet, in which 
Cafe half the Radius will be 4 Feet, then by Coroti. of Lemma i. 
the Arch the Body muft run over in the Time it would pafs 
through thofe 4 Feet bv Virtue of the centnd Force, mull be utch 
that the Square of it divided by the Diameter may be 4 ; that is, 
it muft be 8 Feet, (becauft the Square of 8, which is 64 divided 
by 16 the Diameter^ gives 4O but if it describes an* Arch of 8 
Ftet, in the Time it would M thfoo^ 4 Peet, it dien moves 
with that very Velocity it might acquire by the PalU becaafe as 
has been demoaftrated Part I. Chap. 5 . f 7* if a Body moves 
amfbrmly with the Vdodty it might acquire by a Fdl, it will 
move over a Space equal to /^/V« die He^t of the/aU, in the 
T^me thereof. Since then the Body in die Cafe before us, deicribea 
an Arch of the Circumference of 8 Feet in the Time it would £dl 
through 4 Feet, it moves dtenein with a FtUdiy it would ac« 
quite by falling through 4 Feet, that is» half die Radius. Q. E. D* 
To avoid a Circumloaitioa in the midft of the Ai|;umeBt^ I call 
the Space the Body would move over by Virtue of the central 
Force only, from ks Analogy thtrewith, a Fa/I. 

Uni'verjfaUy tbfis^ kt the Diameter be equal to 4 times feme 
certain Space, whidi Space let as call di dbe Diameter then vDiiil 
be equal to 4 d^ and half the Radius will he equal to the Space 
d, m which Ca(ev the Arch the Body defaribes m die Time it 
would fall through the Space V muH hy die abovemenooned Co* 
roliary, be fuch as that the Squate of it divided by 4 Times^/ 
may be otfee d^ that i<s the Arch muft be twice d, fbecaofe the 
Square of twice d^ which is 4 times dd di^wled by the Diameter 
4 times y, gives once d) but as before, if the Body mpve uni« 
fbrmly through #wiVtr'the Space ^, in the time it would fall 
through once that St>ace, it then moves with that very Velocity 
it would acquire by Idling through that Space^ that is, 'ex ffy- 
f6th, through half the Ltogth of the Radius. CLE. D. 

From what has been demoaftraied above, we may eafily leam 
the Relation which the cental Fovce that is requifite to retain 
one Body in the Circle it 4eicnbes, has to that^whieh is lequiied 
ffyt the 'feme, or another Body reviving in a larger or kfeCitck^ 
Which Rela^n is expreiftd in the fellomug Lemma. 

LEMMA III. 
^[be antral Fonee ixfihrely ew Bedy h retmmd in the Circle k 
itferib§hh'f94ku^ti»bird^ a Bedf mo^fing mM a Sffereai V^kcH^ 

er 



Chap. XVIII. of Central Forces; 213 

#r in a Sfferent Grcle might he ret mntd herein y as the Square oftbt 
Velocity rftheformfr divided ly the Rw&^s q/'ihe Circle it d^crihes^ 
to the SfU€ire of the Velocity qfthe faster divided hy the RoiUus ofth0 
Varcle ivhich it defcribes. 

Dem. By Corollary of Lemmai i j tHe Snergy 6f the cehtrsd 
Force is pn^niooable to the Square of the Arch the^Bo4y de- 
fcribes in a given Time, divided by the Diameter of the Circle. 
And Arches de^ribed in a given Time, are as the Velocities 
whereby they are defcribed, aii4 the Diameter of a Circje is as 
its Radial; confeqpeiitly the Aftjon of the central Force is pro- 
portionable to the Square of the Velocity the Body moves with 
divided by the Radius of the Circle it defcribes : The central 
Force therefore whereby one Body is retained in the Cir^e it 
deferibesy is to that whereby a Body moving wit^ a different 
Vdodty or iii a diffisrent Circle iOfijght be retained theEein, '9s 
the Square of tl^e Velocity of the former divided by the Radiiis 
of tlie Circle it defcribes, to the Sqnare of the Velocity of the 
jtotter* dirUed by the Radtiid x)f the Circle which it de&ribet. 
Q:.E.D. 

Coroll, If we call the^central Forces whereby the two revolving 
Itodies ^e retained in theii' refpe&ive Circles C and r, their Ve- 
locities V and Vf aBd the I^ftaoGes they rev(^ve at, that is, xk6 
Radii of the Circles they defcribe R and r, we ihall always have 

this Prc|)ortipn» G : r 2 : -^ : — ^ 

ThefeThings which are die Foondatibti of what follo^^rs being 
eftabHfhed, we may now prpoeed.to demcmflrate e^ch Proportion 
of this Chapter in the Order they lie in $ the firfl of which is^ 
That when two or more Bodies revolve at eqtud Piilances from 
the Center, hut with uneqt^l Velocities^ the central Forces ne- 
ceflary to retain them will be tp each other as the Squares of 
their Velocities. - ' 

Dmv; Let the Circle which one of the revolving Bodies is 
fuppofed to defcribe in this and the following Cafes, be BDF, in 
Fir. 26. sind that which the other defcribes be b dfy and let us 
caU the Diftances they revolve at from the common Center, that 
is, the Radii of the Circles they defcribe^ R and r ; the Velocities 
they revolve with V and 1;; and the central Forces neceflary to 
Tetam them C and c Then by Corollary of Lemma 3, we' ftiall 
have for the iirft ftep of this 
Demonftration9 
But by the Propofition R is 



equal to r, therefore 



VV in; 
K r 



2|C:c::yV:x'r. Q^E. D. 



Aa a Prop. 
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Prop. II. When two or more Bodies move 
with equal Velocities, but at unequal Diftances 
from the Center they revolve about, their 
central Forces muft be inverfly as their Dif- 
tances. That is, by how many times greater 
the Diftance a Body revolves at is . ftota the 
Center^ fo many times lefs Force will retain 

Prop. III. When two or more Bodies per- 
form their Revolutions in equal Times, but 
at different Diflances from the Center they 
revolve about ^ the Forces requiiite to retain 
them in their Orbs will be to each other as 
the Diftances they revolve at from the Center. 
For Inftance, if one revolves at twice the 
Diftance the other does, it will require a double 
Force to retain it ; if it defcribes a Circle three 
times as large as the other does, then a treble 
Force is requiiite, &c. {c) 



{b) Dem. By Lemma 3> as 
before. 

By the Propofition V is eqaal 
to 0/9 therefore. 



VV w 
R r 

C:c::4 :— Q. E.D. 
R r ^^ 



(c) In order to demonftrate this the following Lemma will be 
of ufe. 

LEMMA IV. 

Tbe periodical Time of a Bodf reoohnng in a Circle^ is as the 
Difiance it revohfts at from the Center direfU/, and as its Ve- 
locity inverfly. 

DemonftratioM of the Lemma. The periodical Time of a re- 
volving Body, c^eris parilmss depends on the Diftance it re- 
volves at from the Center, becaofe the greater that Diftallce is, 
the greater is the Circle it defcribes^ and fo the longer it is in 

«- coming^ 
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Prop. IV. When two or more Bodies re- 
volving at different Diftances from the Center, 
are retained by equal centripetal Forces, their 
Velocities will be fuch, that their periodical 
Times (hall be to each other as the Square Roots 
of their Diftances. That is, if one revolves at 
four Times the Diftance another does, it will 
perform a Revolution in twice the Time the 
other does ; if at nine times the Diftance, it 
will revolve in thrice the Time, G?r. [d) 



coming round. Again, cateris pariiusf the greater its Velocity 
is, the fooner it comes round ; and therefore the periodical Time 
is diredly as the former, and inverfly as the latter ; Or, as the 
former divided by the latter ; and R '" ^j t- n 

confequently . > -^ • ' ' • "V * "^zT ^ ' ^' 

. Coro/L And therefore in comparing the periodical Times 
of two Bodies together, if we call their periodical Times T 
and /, the Diftances they revolve at R and r ; and their 
Velocities V apd v,, -as before^ we fiiall have this Proportion, 

. r^ R '• 

v/jc. T : / : : t7 • — 
V 1/, 

Dentonft, of the Propofition. By j C • /" • 
Corollary of Lemma 3, 

By Corollary of Lemma 4, 
Multiplying the 2d Step by the 

Ratio of V to 'Vy we have. 
By the Proportion, T is equal 

to /» therefore. 
Comparing the ift and 4th 

Steps together. 
That is. 



3 

4 
5 



VV 



nw 



T:t 



K ' r 
R r^ 

V'v 

TV:/i;:;R:r 

V : v : : R : r 

VV w. 

V 'T 
6 C:r::V:v. C^E.P. 



C:r:: 



{J) Dm. By Corollaiy of 
Lemma 3» 
Multiplying by R : r 
By the Proportion, C is equal 
to r, therefore. 



I 

2 



VV w 

d ' f • • — • -^• 

R r 
CR : fr : : VV : w 



R:r::W w 
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Prop. V. And in general, whatever be 
the Diflances, the Velocities, or the periodical 
Times of the revolving Bodies, the retaining 
Forces will be to each other in a Ratio com* 
pounded of their DUtances dire^^ly, and the 
Squares of their periodical Times inverfly. 
Thus for Inftance, if one revolves at twice the 
DiAance another does, and is three times a^ 
long in moving round, it will require |, that 
is, two ninths of the retaining Power the other 
4oes. For as, if the retaining Power was in 
a Ratio compounded of the Diftance direBly 
and direBly alfo of the Square of the periodical 
Time, the latter Body would require tmce the 
retaining Power the other would mukipUfd 
fy p, the Square of the periodical Time ; fo 
as the latter Ratio is an inverfe one, it requires 
twice that Power divided by 9 ; tibat is, ^ or 
two ninths of it. For in compounding of 
Ratio's the Way is, if they are both direSi to 
multiply them both together 5 if one be direSl 
^nd the other inverfe^ to divide the dire£i by 
the inverfe \ if both arc inverfe^ to multiply 
jhem both together, and to divide Unity by 



By Corolbuy of Lemaa 4, 
Sqaarmg the laft Step, 


4 
5 


V nf 

VV <iw 


Comparing tke 34 and ftii, . 


6 


r*^ RR fr 
TT : W : : -sr : — 


That is, 

Extracting the Roots of the 7th 
Step, 

* 


7 
8 

• 


rr://::R:r 
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them: Thus, if the retaining Power had been 
as the Diftance irwerfly and hvoerjly too as the 
Square of the periodical Time, then jn thd 
Cafe before us, the latter Body would have re- 
quired a retaining Power, which fhould h^ve 
been as the Number i divided by 2, muhipli?^ 
by 9 ; that is as i divided by j 8 : That is, if 
we fuppofe I to exprcfs the central Forc^ re- 
quifite for the former Body, the Fradion tV 
would have expreffed that which would have 
been neceffary^ for the latter 5 or in othep 
Words, their retaining Powers would have 
been related to each odber, as i is to ^^ t ^t 
is, the former would have beei> 1 8 timej 
greater than the latter {e). 

Prop, VI. If feveral Bodies revolve at 
different Diftanpes from one common Center, 
and the retaining Power, lodged in that Center 
decreafes a^ the Squares of the Diftances ia- 
creafe ; that is, if «t a double X)iftgnce it b^ 



{e) Dem, By Corollary of 
Lemma 3, 
Multiplying by R to r. 

By Corollary Df Leinma 4, 
Multiplying the laft by V to w, 

■ • 

Dividing the laft by T to ^ 

Comparing die zd and 6ikp 
.P^yi£!n2 ttte M by R to r. 



I 

2 

3 
4 

5 
6 

7 



^ W *w 

CR : rr : : VV : ow 
i . f . . y . ^ 
TV:t*v::R:r 

V * ^- 

V : 1; : : 7p : J 
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four times weaker ; and at a treble Diftance, 9 
times weaker, &c. the Squares of the periodi- 
cal Times of thofe Bodies will be to each other 
as the Cubes of their Diftances from the com- 
mon Center. That is, if there be two Bodies, 
whofe Diflances when cubed^ that is, multiplied 
by themfclves twice, are double or treble^ &c. 
of each other, then their periodical times will 
be fuch, as that when fqimred only, that is; 
multiplied by themfelves once^ they fhall be 
alfo double y ox treble ^ &c. of each other {f). 



C:c:: 



r - 



W 

R 
I I 

RR'TT 
VV *v*v I I 

R • r • RRrr 
I I 

K'r 

R r^ 

V • V 

— L 

RR rr 

TT' tt 
II RR rr 

F • T ' • TT • // 
TT // 

"R" 

TT://::RRR:rrr. Q^E.D. 

And after like manner, we may eaiily demonftrate the feventh 
Corollary of the foal-th Propofition of the firil Book of Sir Ifaac 
Uenutoii^ Frincipia, Which becauie it is of more than ordinary 
Difficulty to Beginners, I here add. It is to this Effsft. 

When Bodies revolve in fuch Manner that their, periodical 
Times are to each other as fome Power (which call n) of their 

Diliances^ 



(/) Dem, By Corollary of I 
Lemma 3, 

By the Propofition, 

Comparing the 1 ft and 2d Stqp, 

Multiplying by R to r. 

By Corollary of Lenuna 4, 
Multiplying by V to t;, 

Dividmg by T to /, 
Squaring the laft» 
Comparing the 4th and the 8th, 

Multiplying by TT to //, 
Multiplying by R to r. 



5 

6 

7 
8 



10 
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DiAances^ the centripetal Forces requifite to retain them ^11 
be to each other inverily as twice that Power wanting one of 
their Diftances ; that is, inverily as their Dlftances raifed to the 
Power 2n— I* 



Dem. By Corollary of Lem- 
mas, 


I 


C : f : : -^^ : — 
R r 


Multiplying by the Ratio of 
. R to r. 


2 


1 
CR : ^ : : VV : w 


By the Suppofition, 


3 


T : / : : Rn : r^ 
V nj 


By Corollary of Lemma 4, 


4 


t Comparing the 3d and 4th, 


'5 


R* : r" : : "77 : — 

V <9 


1^ Moltiplying by V to v. 


6 


VRn : w* : : R : r 

R r.: 


Dividing by R» to r^. 


7 


Dividing the Numerators in the 
laft Step by R: r> gives 1 : i,- 
and dividing the Denomi- 
nators R" : r^ by the fame, 




. 


brings them onePower lower, 
that is, to R«— » : r"— « j 




•• > 


therefore the kit Step is re- 
ducible to 

Squaring both Sides of the 8th 


8 




Step, which in the Denomi- 






nators R»— * and r"— * is 




• 


done by doubling their Index 
^ n — I, we have 


9 


rr^r ^ ' 


^^n~-.2 fAO^^ 


Comparing the 2d and 9th 


10 


t 


Steps^ 




Dividing by R to r, which in 
the Denominators R*"— * 




• 


and r**^ — * is done by adding 
+ 1 to their Index 2h— 2, 


II 


^ I J 


by which means it becomes 


^ -^ " R*ii— I • ^an— I 


2n — I, we have 




Q^E. D. • 



Scholium, The foregoing Demonibations would have pro- 
ceeded with equal Succefs, had we only taken the Ant;ecedents» 
•r the Confequents in ea^ Step s that i8» only the large or only 

z the 
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the fmafl Letten. Wliidi Me^liod, beeaufe I fhall mike oie 
OT It ncfesftcTy I wiu iierc give a Speoineii or. Let it Aes 
be required to demonifarste riie &tk Prapofitioa of this Ckapler 
over again in this latter Method. 

By Corollary of Lemma 3. The central 

Forces are as the Squares of the Velocities 

divided by the Radii of the iCircles de- 

fcribed, which put thus I i C : 

By the Propofition, the Civdel defcribed 

have one conunon Radtts, call it i. 

Then 2 R = i 

From the ift and ad Step campared, we 

have .3 C:VV. 

That is, the central Forces of ibe revdvii^ Bodies are to each 
other as the Squares of their Ydocities, whidi u the Senfe olf 
the Propoikton. 

Again, let it be rf^qoired to Aenumftrate die Corollary takoi 
from Sir ffaac NitafofPs Primffu^ over again in this Method, 



VV 



By Corollary of Lemma 3, 
By the Sappofition 

By CoroU^uy of Lemma 4, 



Compamg the sd and 3d Sljepi — 



I 



Multiplying by V ^ . ■ ■ 

IMvidmg both Sides by R, liedoces R to i, 
and brings R" one Power Ipiver, that is 
ft) R"r-i, fo that we ihall then have 



Dividing by {I 

Roaring the laft Stq>, vt^hkh in the 
Quantity Ra— > is effeded by doafaiiiig 
the Index n — % we have 



Multiplying the firi}; Step by R 
pDn^ariog the two laft - 



pividing by R, which in the Quantity 
%X9^^ is done by %iimig one l» the 
lodes^ we have 



2 
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6 
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Secondly J Of the Forces neceffhry to retain 
Bodies revolving in other Orbs, 

Prop. VIL If a Body be turned out of 
its re^ailineal Courfe by Virtue of a central 
J^'orce, which decreafes as you go from ^he 
Seat thereof, as the Squares of the Di{lance$ 
increafe ; that i6, which is inverlly as th* 
Square of the Diftance, the Figure that Body 
ihail dcfcrlbc, if not a Circle, will be a Para- 
bola, a.n Ellipie or an Hyperbola* and one d[ 
the Foci of the Figure will be at the Seat df 
the retaining Power. That is, if there be not 
that exadt Adjuftment between the projedtile 
J^orce of the Body and the central Power ne- 
ce£&ry to caufe it to defcribe a Circle, it wifli 
then defcribe one of thofe other Figures^ one 
of whofe Foci will be where the ^at of tkt 
retaining Power is [g). 

{g) In order to fhew tbis it will be neceffiuy to jsreoifiie d^^ 
followiog Leinina^s. 

L E M M A V. 

The Vekcity of a Boify defcrihing mtf Cur^e^ (if ih Cautfi it 
ngtt^eJ ly a ntmning Pcnjuer) is in one Point ofibt Curve to ^e 
Velocity iff iany other Point thereof in*verjly as a Perpendicular drawn 
from the Stat pf the retaining Power to a Tangent of the Curve at 
the firft Pointy to a P-erpendicular draFum from the fame Place to a 
Tangent at the other Point, That is^ in fewer Wordsy ^Feloci^ 
of the Body is infverfy as a Perpendicular let fall from the Seat of 
the ntaining Power to « Tangent at the Point where 'the Body is, 
ThttSy if the Bo^ he at Dy a Point in Curve D£F, Fig. zjy and 
"PD he a Tangent thereto y and SP « Perpendicular to that Tangent ^ 
drawn through S the Seat of the retaining Powity the Veitdty of 
the Body at D, <onip<ired with its Velocity in other Parts of th^ 

furve, will be itroerjly as SP^ thta is as the ^uemity ~ • 

Dim* 
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DiMJ It has been demoofh-ated^ Part I. Chap. VIII. that re- 
volving Bodies dcTcribe equal Areas in equal Times ; that is, if 
a Body defbibes the Curve Line DBF, and the Arches DE, 
EF, Wr. be run over in equal Times, the Areas DES, EFS, ^c. 
will be equal ; which Areas if we fappofe the Times as fmall as 
poffible* may be confidered as fo many right-lined Triangles, be- 
cauie in that Cafe the Lines DE, EF, Qc. loofe their Curvity, 
and being produced are Tangents to the Curve. Produce the 
Line D£ to P, and let £dl the Perpendicular SP, then the Area 
of the Triangle DES, is had by multiplying its Bafe D£ into 
half SP ; and the Area of EFS is equal to its Bafe EF multiplied 
by half a Perpendicular drawn from S to EF produced, bfc. 
But thefe Triangles being defcribed in equal Times, are all equal, 
the longer therefore their Bafes, the ihorter their Perpendiculars. 
But the Bafes being run over in equal Times by the revolving 
Body, they are as the Velocity of the Body wherewith they are 
defcribed; confequently the greater the Velocity of the Body, 
the ihorter is the Perpendicular to the Tangent where the Body 
is. Which is the Senfe of the Lemma. 

LEMMA VI. 

Whatever Curoe a revol*ving Boctf defcribes hy Virtue of a centric 

fetid Force 9 ^whether the Seat of that Force he imthin or nvithout the 

Curve, the J^ion of that Force upon the Body 'when at any one Point 

of the Cur*ve, mufi he to the Jame upon the Body, luhen at another 

Pmnt of the Curve, dire&ly a* the DiJIanee of the Body from the 

Seat of the retaining Povjer and inrverjly ai the Cuhe of a Perpendi" 

cuiar let fall from the Seat of the retaining Po^^er to a Tangent to 

the Curve at the Point ivhere the Body is, multiplied hy the Ra^us 

efa Circle of equal Curvature ivith the Figure at that Point. That 

is, if AX in Fig, 28, he the Curve defcrihed, and MDN, vohofi 

Center is C, he a Circle of equal Curvature vuith the Figure at the 

Point D, and PDhea Tangent to that Point, and SP a Perpendicular 

thereto droFwn through S the Seat of the retaining Povoer, the centred 

DS 
Force reqmfite to aS upon the Body at D mufi he of '^ — prjr, that 

DS 
f/, ifvoeput Kftr the Radius CD, as 



■»i ^ * I ■ 



SP^XR 
Dem, By Lemma 5, the Velocity of the revolvii^ Body when 

at D is as rp, calling then that Velocity V, 
wchsLvc 



Squaring both Sides 



V- 

^ • SP 

vv- — 
^ ^ • SP« 



By 
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By Corollary of Lemma 3, the central Force neceflary to 

retain the Body in that Circle; (or, which is the fame thing, at 

the Point D in the Curve ADXy becaafe they are both of equal 

VV 
Curvature there) would, if placed at C, be as — . But whereas 

it is placed at S it ads obliquely to DC, and therefore to pro- 
dace the fame EfFed, mull ad more forcibly in the Proportion 
of SD to DT, fuppofing ST perpendicular to DC; that is, be- 
caufe SP is equal to DT, in the Proportion of %\^ to SP. 



But by the Golden Rule 

Confequently the central 
Force neceilary if placed 
not at C but at S> is ex- 
preffible by 

Putting then C for the Ac- 
tion of the central Force 
neceflary to be placed at 

^ ' S> we have 



Comparing the 2d and 4th 
Steps together 

That is. 



5 



SP : SD : 



VVVVxSD 
R • 6PxR 



WXSD 
SPXR 



C: 



WxSD 



or, which is the 
SD 



SPxR 
fame Thing, W X 

^" SP^^SPxR 
SD 

^ = SPO?R- AE.^- 



SPxR 



L E M M A VII. 

* 

Let AD Fig, 20 hi a Pardbola^ ivbofe Axis is AO, and its Focus 
S, Mid lit PDF bi a Tangent at the Point D, through the Focus S 
eutd Point of ContaS D drasw the Lines PS and T)G both perpends* 
^adar to the Tangent PD, then nvill PS be eqttal to half DG. 

Dem, Produce DP till it meets the Axis in X, and draw the 
* Diameter XX), and join the Points D and S : Then becaufe DO, 
as being a Diameter is parallel to GX, the Angle FDO is equal 
to DXS i 'tis alfo equal to the Angle XDS (Miln. Conic. Sed. 
Part IV. Prop. 4.) the Triangle XSD is therefore an Ifofceles 
one, and SP being perpendicular to the Bafe XD, XP is equal 
to half XD; but PS and DG being parallel, the Triangles 
XPS and XDG are fimilar, and therefore PS is alfo equal to 
halfDG, Ct^E.D. 



I4EMMA 



iz4 



the boSirirti 



Part IV. 



LEMMA VIII. 

lit AD Fig. 30, it a Fmiim of a farnboUh «» tllifi^ » «v 

BjftrhoLif mm •/ 'wh^Jk Fm is Sf its longer A*i$ AB» ami its 

Faranuter or Lotus reSum L ; and let PF be a Tangent at thi 

FoiatJ>9 jepitbe Foims D anJSf through the latter of nvbieb drmu 

the Line SP ferfenMcular to the Tangent^ and through the former the 

Live DG ferfendicular tdfo to the Tangent^ and cr offing the longed 

L^XSDi* 
Jsns «f G, then nwll DG* be equal to *■' ^p^ — • 

Dem. Through the Point G draw the Line GT perpendicular 
to DS, then wiU the right-an|led Triati^es DGT and DSP bi 
fimilar» becaufe the Angles DSP asd SDG are alternate^ confe- 
qnently 
But by Miln. Conic. Sed. Part 

IV. Prop. 6. 
From the ift and tA Si^m 

compared together 3 

Turning the 3d Step into an 

Equation 



Cubing the laft Step 



5 



DG:DT::SD:SP 

DT=4L 

DG:iL::SD:SP 



DGt 



2SP 

8SPJ ' 



Q;,E.D. 



LEMMA IX. 

nings remalmng as hefore, fr$duce DG toCin Fig* 31, 32^ 33^ 

LxSD^ 
fi that the LiutpC m^ be equal to — rp^- , then noill a Circlt 

nahofe Center « C, and Radius CD, he of the fame Curvature, and 
coincident tuith the Figure AD Ut the Point D, whethef it be a 
Farahola, an EUiffe or an Hyperbola, 

DentonfiratioH. 
I. For the Parabola. The fame Lines being drawn as in the 
fe p egoiag Fimtrc, draw aHb thiough D, Fig. 3I9 the Diameter 
DY, and take a Portion of it as DI equal in Lengdi to fH 
Panmieter of that Diameter, and let fall the Perpei&ciilar IH 
meetiag DG pnodoced in H, and ht L be the Latus reftum or 
Faramefeer of the Figure, then 



hy the 3d Stop of Lemma S, 
The Aiig^e HDI wants IDF to 
make it a right one, tbe 
Aag^e PSD wants SDP to 
Bttke it a ri^ one^ but IDF 
and SDP are equal, Mik. 
Come. Sea. Part IV. Prop. 
4, therefore HDI and PSD 
are To alfo, the Triangles 
. therefore HDI and SDP are 
fii^ilar; confequently 



DG:^L;;SD:SP 



SD:SP:;DK:DL 



Frofli 
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I 



5 

6 



From the ift and 2d Steps 

compared togetber \ 3 

By Mik. Come. Sea. Pait 

IV. Prop. 10. CoroU. [4 
Ftt)m the 3d and 4th Step 
^ compared 
Mdtiplying the Aivtecedents 

of &e firft Step by 4, . 
Conqpomidmg the 5th a«id 

6th Steps, that is multi- 

plying &em together 

Lemma 7, 

Comparbg dte yth aad 8di 
Steps 

Taming the 9th Step into 
an Equation 10 

Taking half ^ i odt Step 1 1 



'DG:|L::Dfl[rW 
I>I = 4DS 
DG : f L : : DH : 4DS^ 
4DG:|L::4SD:Sr 

LL 



4r)G< 



::I>H:SP 



iDG = SP 



4DG^ 



LL 



:rDH:|iX}6 



a»' 



2lXj3 = 



LLxDH 



DG^ 



4- 
LL XDH 

L? X SDJ • 



8SP3 
DK X LL LLL X SD« 



8 



DH = 



8SF* 



L X ZT>^ 
SPJ 
LxSDj 



By Lemma S> |i2l DG^ m 

Comparing the nth and 
12th Steps . ij, 

Dffidifig. tht f 3th Step fey 
LL 

Halving tite fifth Step <5 

But by SuppofidoA i 1 6 

Comparing the two laft Steps 17 

But 0H being perpendicular to {PF^ and the Ang^ at I a 
right one, it is obvious a Circle wbofe Diameter is J^VL, (and 
confequently by the lafl Step, whofe Radius is DC,) will pafs 
through the Point I, 31. £1. 3^ and will have the Liae FF for 
a Tangent to it at D ; but by Miln. Conic Sed. Part III. Prop. 
II. CoroU. I. fuch a Circle will be«of e^ual Curvature with die 
Parabola at the Point D ; and the CircU aad the Parabola will 
be alfo coincident with each other at that Pohit» becaufe the 
Line PF is aU^geit commoa to both; Q^ £. D. 



iDiHs 

^ 2SPJ 

CD = ^^^^^ 
2SPJ 

CDrrrfDH 



II. for 
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The 



Part IV. 



n. F«r ibe ElUf/u tmd tfyperbok. Let AD in Fig. 32, be a 

Portioii of an ElUpfis, in Fig. 33f a Portion of an Hyperbola, 

one of whofe Fod is S, its Latus reftom L, and it longer Axis 

AB I let PF be a Tangpt at the Point D, and draw the Lines 

SP» SD, and JyG as in ^ig. 30; draw alTo the Diameter X>d 

and produce it to I» fo that DI may be equal to the Parameter 

of that Diameter I let fall the Perpendicular IH meeting DG 

produced in H ; through the Center £ draw the Semiaxis EQ, 

and the Diameter Ki conjugate to "Ddi and to the longer Axis 

AB, the Oidinates DM and RN ; and in the Hyperbola produce 

EK and HD till they meet in R. Then by the known Property 
^^c aUa i7iK«%i«a an^ I^vDerbol? t\a t 'ix«^/*%*» T«m# <• i>*mm. « 



and Liv. 3. Prop. 2. 

Simfon*s Conic. Se&. 
Lib. 2. Prop. 19. and 
Lib. 3. Prop. 43. 

Comparing the i ft and 
2d Steps together, and 
extracting £eir Roots 



£Q! £A<i : : DMi : AM X MB 



AMxMB = £N9 



EQ^: EA : : DM : EN 



The Diameter Ki bemg conjugate to Di/ is by the Definition 
of fttch a Diameter, parallel to the Tangent PF, and confe- 
quently DH being perpendicular to that Tangent, the Triangle 
GER is a right-angl«l one, that Triangle therefore and the 
right-angled one KEN are iimilar as having in the EUipfe, their 
Angles at E vertical ; in the Hyperbola, common : The right- 
angled Triangles GER and DGM are alfo iimilar, as having 
their Angles at G in the Ellipfe, vertical $ in the Hyperbola, 
common: And confequently the Triangles KEN and DGM 
are fimilar in each Figure. 

Therefore 

Comparing the 3d and 
4th Steps together 

The right angled Tri- 
angles DER and DHl 
in the Ellipfe are fi- 
milar as having their 
Angles at D common, 
in the Hyperbola as 
having their Angles 
at D vertical, confe- 
4j[uently 



DM:EN::DG:EK 
EQj EA ; : DG : EK 



DE : DR : : DH ; I^ 



By 






Chap. XVlIt bf Central fotm, 

iy the Definition of the 

Parameter Dl, for the 

Ellipfe De L'Hofpit 

Lib. 2. Definite 13. 

for the Hyperboh 

Lib. 3. Definit. 15, 
The Exferqnes. of: the 

two laft Step! being j, 

the fame^ the Pipd^a 

of the Mefns .6f the 

one mud be equal to 

the Produa of the 

Mdns of ihe other, 

that is 



i/hl6plying the Bih 
$^ by-lE ' 

B^Simfbh^s Gori. Seft. 
Lib. i. P^opv io. for 
AelEflipie,' Lib. j. 
Pi<^.4S. for the Hy- 
perbola ''.^ 



A. 



.8 

« 

9 






-* f* 



DEiUiiiMiU 



?. 



'»! 



3' 



J 



A- » 



-t . \ 



zEK.i±ti»W*DA 



*• "t 



i ■ /.. 



Prom the 9 ^if<j 16 

Divifing the' /i by PU 

By t]ie jJDttfmiC^Jof a 
jprindpal Parameter * 
wherefore from the 

laft by Defiidt. 10. 

Efem* 5* ' il 

Multiplying \,lhe . , nV6 
laft together, 

' ijtfi together,' we 
havii • ' 



10 

r 

I.I 



s£K' 



i'PH X PR X iiag 









r * ' . » 



Dll «■ Eg ±± fiA * ECt 
aBJsi:*,=9DHXEAX'B<^ 






Multiplying 'ilie .t^^o 
laft Term»\QC' thi 

.6th Step ^^^. it 

Com^QgTtb^ isth 
Step and the fj dh to- 



t 



{ L : E(^- s fi<y BA 

*. Ti *;' • 1 ...4 . : .* ■ ■■ 

' ' ' 



. i A i> * •" « 



16 



LL 






1} 



I 



f 



'?! 



• ♦ • • •, 






I^'' *« V.' »D6'"2ij(i:* : 



f 



DH - DH 



ik}'''' • 



^ : E<iX EA : : ^^rBAx E<t 



l_ 
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TheOnifeqaeiiti !h the 
iltk Step being the 
fane, the AmecMcnts 
aif eqoal, that is 

MddpIjringby^pH 






EftrtlV, 



•9 



20 



2DG» . 

TSET-T 



Hi 
IXxGH 



■* • 



L* I i > 



But the laft Step here it die (ame with the ti^ in th|B Q^nptt 
ftiatioii fiv the Parabola, firom whencd th< 



(fie uun^\:!&n-^ 
inMihi. 



lerroi 



rr»«% «x 



/^« JH«» 



doiioB is to be drawn here as there: 
Conic. Se£L referred to at the End of 
alio to the Ellipfe and the Hyperbola. 

Dimm/hnaHm tf tbt fnf^mt «fircV| i^ 

Let ADX, F^. aS, be a PordcMi o( tbe %asitl^e.nn(«l|ms 
Body defipibes, ipvhet){er it be % F^M^^ an ^A%^« oil ail 
BfferhMx «A letXhe'theXatosReftoi^ ^J(^S9^^M\ ^ 
Figure ; let the Seat of the fctaiAiBg ]^oWejr>e at & ^qe.^.dkft 
Foci thereof, and let the levolvingfiodv be vmjpjg^ a$ JQ;. dri#. 
the Line FD a Tangent to the Curve at tfiV^Jp!^^ •^d 



Perpcndieubr Sjf, Eerpoidj^i^ to tii^ tangent diaw.thr^ 
Line DC» which let us (appofe to be the Radias of a Cuxle as 
MDN, df &^ Cime'CWa^e; &af <h<iFigaf^*AZff&iVktVilK 



Point D. llien it is obvioos, tKat %e fame Eprce wUch nbcoL 
at S wottU retain'the revoM^ ffi^^m' m^fMd<SkxtW^^ 
Ciide ^hen it came at D, wul retain tt ih thfe/OthiefF&iiel &t 
that Point, they bdn^att^at Plftc^ (91c and ths fame Cdiie. fiat. 

by Lemma 6, foch Force is as^p— g. ^alljj^tjljpi t^ ijp-^ 
Proportion, vr «. . • • ^ ^ 



And fince the Circle MDN is of thf f^H^ie Ci)rvat|||e aj^j;o^ 

LxSD» 



taining Power C, weihaU have this L* I r% . 

|:i|T*'SP'XR 

' dM fame Canratuie aiM co- 

equal tt>^^e^Q|tamity ^ ' ^S/ ^^ potting dien R fof the Radiua 

1 L >tSD' 

as before we (hall have this Equation *" *-^*#*-^^ 

Comparing the ift and ad Step to- 
g^mr^ we il^all have this Pro- 



pdl'dQnr. 



Ezpnnging SP/.as being botb Mol- 
•jp8<»tpr.and llivifiHr: " '^ . " 



s 






,C: 



5P» 



LX 




!ia 



C: 



D^ 



/. f- 



t iLx>J)» 



DivUint 



Ckp.XtllL ^ Central Forces^ iLt^ 

That a Body ibaU defGtibe Figoiit^ fo difie* 
rent» wjien the Power that directs its Courfc 
is thefamC) and adts by ope And the f^ime Law^, 
is awing to the Degree of Velocity the Bod3^ 
moyes with. Thus^ fuppofing the cenfralr 
Pqw^r placed at S (io Fig^ 3^4.) aad that the 
reyohriipg Body fct6^ off aA U in the Dirtdioa 
DB perpendicular to the Line DS^ widi fuich. 
Vekcit^ as it would obtain io; fidt^ig: by Viftuv 
oC that central Power ox\% hal£ way^ ftom D 
to. %^ it will then, by Lemma^ i^ defcribe %> 
Circle as DKM, wh<;& Center is the ?oint S«. 
If it Iet3 off frons. D ia the^ fam^ Di^e^lion ^ 
before^ bbt with a Ic^fs Vebcit^^ i|b thoa re^ 
voLves Within that Cirrcle deicribmg w Bllipft> 
a&« DLN». one c^ whofi^ Foci\ is at S^ tii« Scatf 
oC the retaining Powei;, and the other between 
tl»t and. the Point D) aa at F« If it fet» off 
firom; D, with ibmewhat greatiHr Velocity, tl^ii 
what it would acquire by th0 abpi^-niCDtioned 
Fall, it.will ftiU defcribe ap^BUipft^ as DEO^ 
oneroS whoie,Fi9c/ (hali be al S as before^ bnt 



r 



I>i9f9«Pa all fafr OS 

Bitt!(iL is 4ie(£uDei whattVcr:P6ilit 

Volving Body is. at, and ms^ 
tllcroforo'bc confidertd as Unity, 



^^i?X15S5 






^iitt i«, th9 xMiiidng PiMrer« if it be Jmveifljr a»4fa6 SteftiS«>t 
the Diftance^ aod felted in the f ^oki ofi the ^i£pre» wifl dirc£t 
the CoQifei of the revolving Bodv in foch Manner, as that it 
IhaQ defenbethe faid' Figure^ be^it « Parabok, as Ellipie or anr 

Bb a the 
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the other (hall be beyond it as at G. If it fcts 
off with a Velocity which is greater than that 
it would acquire by the above-mentioned Fall, 
in the Proportion of •'2 to i, that is the Square 
Root of 2 to I, it ftill defcribes a Figure, one 
of whofe Foci is S as before, but the other, as 
G, goes off to an infinite Diflance ; that is, the 
Figure defcribed becomes a Parabola, as DPQ, 
whofe I^ocus is S. If it fets off with a greater 
Velocity than this kft, the Seat of the retain- 
ing Power remains ftill at S, but the other 
Focus G goes yet farther ofF^ that is, it come$ 
on on the other Side the Point D as at H, and . 
the Figure defcribed becomes an Hyperbola, 
as^ DRT, whofe Foci are S and H. 

From hence it is obfervablc, that of the four 
Figures there are but two wherein an exadt 
Adjuftmeht is* tequifite between the retaining 
Power ahditlie ppojeftile Forcd, w^;. the Circle 
and the Pafaboli. Iii the former of which, 
the Velocity muft be fuch as the Body would 
acquire by lalling half way to S, in die latter 
it:muft exceed that in the Proportion of the 
Square Root of 2 to i ; that is, in the Propor^ , 
tion of ibmewhat ,lefs that It to i. ' Thus 
for Inftance, if one Degree of Velocity is re- • 
quifite to caufe a Body fetting off at D, to re- 
volve in a Circle about the Point S, as a Center; 
it will require about one Degree and an half 
to nstake the Body fetting off at the fame Place,* 
to defcribe a Parabola by Virtue of the fame 
retaining Powder feated in the fame Point S. 

Again^ 
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Ag^in, the fame Figures may *be defcribed, 
though the Seat of the retaining Power be in 
the other Foa\ F, G, or H ; for Inftance, if it 
be at F, in order that the Body may defcribe 
the Eliipfc DLN, it muft fet off at D with 
the fame Velocity it had in the former Cafe 
when it came to N : If it be at G, it will de- 
fcribe the Ellipfe DEO, fetting off at D with 
the Velocity it had before at O : And if G, the 
Seat of the retaining Power be at an infinite 
Diftance, or in other Words (becaufe to fay a 
determinate Point is at an infinite Diftance, is a 
contradiftion in Terms) if the retaining Power 
a6t in fuch manner as it would d5 if the Seat 
of it was at an infinite Diflance ; that is, if it 
adt upon the revolving Body in Lines parallel 
to DG ; and with the fame Degree of Fprce, 
whether the Body be at D, at P, or at Q, &c. 
it will defcribe the Parabola DPQjvith what- 
ever Velocity it fets off with from D. For to 
defcribe a Circle round the Point G at an in- 
finite Diftance ; it muft fet oflf with an infinite 
Velocity, becaufe, as obferved above, it muft 
fet. oflF with the Velocity it would acquire by 
falling half way, to that Point; now a Body 
will defcribe an Ellipfe rourid a given Point 
with any Degree of Velocity lefs than it will 
defcribe a Circle with round the fame, as it 
was obferved that the Ellipfe DLN was de- 
fcribed with lefs Velocity than the Circle 
DKM, but a Parabola is no other than an 
Ellipfe, one of whofe Foci is at an infinite 

gb 3 Diftance, 



I 
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PiftaojQB, the Body will di^^fore defcribe a 
I^abola when th^ Seat of the retaining Power 
Is at an infinite Diil^ce, with any Degree of 
Velocity iefs than an infinite one. 

This is the Reafon, (hat Projeiftiles up<m 
liie Surfai::e of the Egrth are faid to defcribe 
Para)x>la's, hecaufe on Account of the great 
Piftance of the Center of the Earth, compared 
with the Height bodies can be thrown to, 
QnfnXy does as to Senfe, ^Gi upon them uni-- 
formly and in parallel Lines. 

Again, when the Point G the Seat of the 
retaining Power goes off at an infinite Diftancc 
pne way; it immediately, or indeed ilridly 
0>eaking at the fame Inftant, becomes the Poin{ 
Pi at an infinite Diftance the other way ; fo that 
thofe two confidered as at an infinite Di{lance> 
ar^ as it were one and the fame Point ; and 
confequently it is the fame thing whether the 
retaining Power be at G an infinite Diilance to 
die ItigDty or at H an infinite Diilance to the 
fjcft^ and therefore the Figure will fliil be a 
Parahola, and may alfo be defcribed with any 
Degree of Velocity : only if it be at H, an in- 
finite Diftancie to the left, the Power mufi: be 
negative in refpe(fl of what it was before; 
((hat v^ it muft be of the repuf/ke Kind, as it 
is obyious it pught to be, to caufe the revolve 
ing Body to defcribe^ a Figure whofe Conr 
yexity |s turned towards idip Siea|; of the rcr 
#fiingPpw€rf 

li 
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If the Scat of the retairilttg^Pcii^^c^ H fccJtoes 
nearer, fo as to be at a finite DiiiltanQe trom the 
other Focus S, the Power tAuO: ftiU be n(%a* 
tive, or repulfive; and the ri]|iii'e defcribed 
will be an Hyperbola^ ^hofe Foci Sire H tod' 
S. And the Hyperbola iii this Cafe hiay be 
defcribed whatever be tnc Velocity tne Body 
fets eff with; for thfe cbntral Force bfeiHgji^ 
the repulfive kind, tHe Figure dc^cn^li will 
neceflarily bb b6nvex*td\^ards die Seat thereof 
that is, towards one of Its Foci 5 but none of 
the Sedions of the Confe fet^e.dhe bt tfieir 
Foci on the corivex Side of tne Figure, anci at 
a finite Pifiance frdni its Vertex, except the 
Hyperbola (b). , ^ ,, 

Heiice 

it) jn bra^r to enrici the Tmt^ of what is here iffirmecl, the; 
following Leinma will be of Uie. 

i E Aff M A X. 



/ 




J/^i 

2)/^/ c/ the Lmrna. fijr ^UxifisJCmt^ Se^.. tmUt 
Prop. z. CoroU. jO DR the Di^ufctor of tKc CSjrdc i^^cj^ ^^ 
the Parameter of. the Axis of the Canrc, whether ii 1^ i rar4» 
bola, Ellipfe or Hyperbola, whicft Bt iit call, li. 

Theielbre 

I. Bat in the Parabola, by the 

Definidon of the Puamet^, 

(De UHoQii^. C6L i^. 



Ltvr. I. ]?tf. Si-) ,^.^. ^ 



^PVPfaiiai ift ana ad Step 



3 



h±±i>^ 



L = 4DS . J 1. 

0R«;;4DS. Q^E, D, 



»b4 ^•'^ 



3^34 ^ DoSirine 

V* ^f die Curve t>e an Ellipfe, 

let F b^ its other Focjls» 

then Will DP -^ DS be 

l^qoil to its }onger Axis, 
. J>eL*Ho<p Con. Se^. 
r Liv. 9. |Jor. 2. qF the De 

finitions; call its (horter 

Axis X.. Then fropi the 

Definition of the Parame- 
ter (Up L'Hofp.'Cpn. Sea, 

Liv. II. Def. 8.) we fiiaU 

h^ve this Proportion 
fuming the laft Step into 

;ui Bguation 

(B^ De L'HoTpit. Con. Sea. 

liv. a. Corol. 4. of the 
, Definitipns). the S.qoare of 

half X is equ^ to DS x 

iDF, th^t is 
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Consequently < 
Comparing ^e 5tii and 7th 

7nmiag diis Equation into 

a Proportion 
pompanng ^e ift and the 
9th Step 



5 



L:X,::X:DS4-I)r 



6 
7 

8 

,9 
.0 



Xi 



= D8xDF 



X^=:4DS>cDF 

4DSXDF 
^— pS^DF 

L:4DS::PF:DF4-I)S 

DR:4DS::DF:PF4?D3 



Bat DF is lefs th^n DF ^ DS> therefore DR p Ids than 4 

JJS. CLE. I>- 

3. If the Curve be an Hyperbola, let H he its other Focus* 
then ynSi DH — DS be equ^I to its longer Axis, by DeL*Hofp. 
iCon. Sea. Liv. 3. Corol. 2. of the Definitions : And call as 
before its fhorter Axis X ; then from the Defiiiition of t)ie Pa- 
rameter (De L'Hofpit. Conic. Sea. Liv. 3. Definit. 8.) we ihall 
Jiave this Pfpportion 1 1 L : X 

Tnming the lafii Step into 

an Equation 1 2 L = 

(By De L'Hofpit. Con. Sea. 
* 'Liv. 3. CoroU. 4. of the 

Definitions) the Square of 

half X is equal to DS x 

PH, that if 13 

Tkewfew ^ • 14 



: X : DH — DS 

X9 



DH— PS 



— =:DSxDH 



•Compariiig 



r 



1 
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i^mparing the nth and 

t3th Stq>s' 14 

raming this into a Pro. 

portion 1 5 

t^ompaiing the ifl; and 14th 

Steps 16 



DH — DS 
L:4DS;:DH:DH — DS' 



DR:4DS::DH:DH— DS 
Sut DH is greater than DH— 'DS, therefore DRIs greater 
^Ifo than 4DS. Q;^£. D. Tibis Iting fremi/ed^ in^ nuy frocud 
'# confirm nvhiU tvoj laid donvn in the Text aho*ve* 

1. h9t tkp Corve DPQ^be a Parabola, and the Circle DKR 
leing of the fame Curvature wiHi the Parabola at the Point D, 
IS fappofed above, the Velocity a Body ought to fet off with 
kom D, to defcribe • the Circle, is the fame with that with 
vhich it ought to fet off, to defcfibe the Parabola: but the Ve- 
locity it Qught to fet off with to defcribe the Circle, is by Lem- 
sia 2. foch as it would acquire by falling to S, becaufe DS being 
bv Lemma ^o.) a Quarter of DR, is equal to half the Radius 
^r the Qirclei cajl this Space 2: bat the Velocity ^it ought to 
et off with to defcribe a Circle, whofe Center is S, is fuch as it 
vodd acquire by falling through half DS, which Space (becaufe 
lihe whole Line DS is called 2] mufl be called one. Now the 
Velocities Bodies acquire by falling through certain Spaces are 
to each other as the Square Roots of thole Spaces (by Part L 
^h^. c. } 6«) the abovjementioiied Velocities therefore are to 
each other as v^Tto i . That is, the Velocity a Body ought to 
fet off with from D (the Vertex of the Figure, and in a Diredlion 
]>erpendicalar to the Axis DS, which I would always have fup- 
fo&d) in order to revolve in a Parabola whofe Focus is S, is to 
that it ought to have at die fame Place (and in the fame Direc- 
jtion) to defcribe a Circle whofe Center is S, as ^/T to i. 

2. Had the Figure DPQ^been an Ellipfe, a Quarter of DR 
the Diameter of a Circle of the fame Curvature therewith, had 
been (by Lemma 10.) lefs than DS; and fo the Velocity the 
revolving Body mxfi have had to defcribe that Circle, or (which 
Is the fame Thing, becaufe pf their equal Curvatures) the Ellipfe 
jwould have been acquirable by falling through a lefs Space than 
pS^ and therefore would have been a lefs Velocity. That is» 
^t would have exceeded the Velocity requifite for a Circle, whofe 
Center is S the Seat oif the retaining Power, ia a l^s Proportion 
Ihan that of y'T to I . 

3. If the Figure DPQbe an Hyperbola, a Quarter of DR b 
biffger than DS (by Lemma 10.) and fo the Space a Body mufl 
fwthrQug^ to get a competent Velocity for that Curve, will be 

f [eater than what it muft fall through to obtain a competent 
, elocity for ihp Par^fibpil/ai; fhe Velocity therefore requifite for 

the 
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Hence We ihay obTiryby that, fupfDjofihg &e 
Motion df a revolving l^ody be fe ftdjuflted to 
die Power by which it is retained, diat it ihjdi 
defcribe a tiradar Ofb^ and its Velbcity be 
afterwards altered by ibme Acddeht, and 
thereby &e Adjufhneht thereof ^ the central 
Forcd deftroyed^ that ficdy fliali tiot iihilie- 
dktely fall to thfe Cciiter : the Forth of ife 
Orbit only will be altered, and from beins 
circular^ will become elliptical, parabolical, 0r 
hyperbolical, according to the Alteration made 
in Its Velocity. Let its Velocify be diminiflied 
in any Degree wjiatcver, or let it be^ increafed, 
but fo that it ftill may bear a lefs Proportion 
to that which is requiiite to make the Body 
defcribe a Circle thaii the. Square Root of a 
does to I , and the Orlnt will beconlb ah EUipfe ; 
if its Velocity be fo far inci-eafed as to bejir the 
fame Proportion to that which is neceflary to 
make it deferibe a Ciixle, ai; thd Square Root 
of 2 does to I, its Orbit becomes a t^arabola; 
if its Velocity be ftill farther ihcreafed, fee 
Orbit becomes an Hyperbola. J^ehce we 
have a probable Reafon why the Oirbtts of 
the Planets are now elliptical 5 for fuppbfihg 
them to have been circular at firft^ as it is not 
unlikely they were, yet upon the firffi Dif- 
turbante in their Motions, whether from their 

the Hyperbola exceeds the Velocity required for a Cirde whoH 
Center is S> in a greater Prpportion than that of yf^ to i; 
From which all that is aiferted above in the Teitt to whidi dn| 
Note refers, except what is th^r^ o^hcrWifc acCouitted Sot» XMf 
hp colleftedr 

mutwl 
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fjailtml ASkm i^poh txth other, the RefiftiiAiee 
of tht Mtdium Ihey revolve in, the Accefe ©F 
4 Coittct^ or any other Caufe whatever ; 1111^1 
whether dieir Motion be increafed or decreafi^ 
i^ereby» provided k be not increaiiod in a De* 
tt hroood tlve Proportioh iibote Md d'own, 
idr Oroits would immediately become elUp- 
tictU Should die Motion of any of thetti bt 
increafed fo te to come up to, 6r eiceed thfe De-r 
gree abovemeadoned, its Orbit would ^tecotd^ 
ittgty be changed ihto a Paribbli, ot afl l4y- 
jperbola, and the Planet would go ofF> never 
to return. 

Pkop. VIII. If the Force of the central 
Power decreafes as the Square of the Diftanci 
increafes, ahd fcveral Bodies revolviiig abdut 
the fame, defciribe Orbits that ate ^Hptim!% 
the Squares of the periodical Times of thofi 
Bodies will be to each other ias the Cubes of 
their middle Diilances from tlbe Seat of that 
Power {k). 

{k) lb demcm^te this Propofiticm, let thfe IblloVring Leihtok 
be pttmifed. 

L E M M A XI. / 

fht Area a reruol*ohig BoJp ikfcrfbeSy is us iti yefockj mdtiftiei 
fljf Ptrfin£cular lei fall from ibe Seat of the retaining Powef /> 
a tatgent at that Point of the Cur*ve luhere the body is, 

Dmm^. of the Lemma. Let AB itt Fig. )6. be die Qirvt dev 
fcribed, DC a Portion of the v. unre defcril)ed in tke leaft Tixn« 
jpoifible, then will I>C rcprefent the Velocity df the Bbdy ; jSfd- 
duce DC to P, then will DP be % Tangent to the Curve : From 
S the Seat of the retaining Power let nil the Perpendicular SJ^^ 
draw DS and CS ; then will DCS be th^ Area the Body de- 
scribes, but DC l5y reafon of its ihortnefs may be cdnfidered a$ 
a ftralght Line, the Area DCS is therefore a Triangle, whfch is 
iad by multiplying the Saijs I>9 iW«> t^lf the Perpendicular SP, 
' ' ' • ^ thei-cfo^ 



2j8 
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tkeiefore it b proportionable to DC nukiplied hf the Hfhole 
Xine SP, that is^ to the Velocity pf the revolving Body jnuld- 
^ed by a Perpendicular let fall from the Seat of the ret^nihg 
rorwer to a Tangent. at that Point of the Carve where the 
Body is. Q^E. D. 

Dem, oftht Profofitiou, Let ADB and adb in Fig. 37 and 38. 
Tepref<tot two EUipfes, whofe principal Parameters are L aad L, 
and let S be one of the Foci of the one, and 4 one. of thofe of 
the other, and let the Ellipfes be fuppoied to lie in foch manner 
upon one another, that the Points S and s may be one and the 
fame Point, which let us fuppofe to be the Seat of the retaming 
Power ; and let the revolving Bodies be at D and d^ throqgh 
w^ch draw the Tangents PD and pd^ the Perpendiciilars PS and 
C€, and jft/ and ^, and the Lines DS and 4Sf ; and let DC and 
i€ be Radii of Curvature to the Points D and d\ and let the 
Force of the retaining Power at the Diftance SD be called F» 
and at the Diftance sd be called /, and let the Velocides of the 
revolving Bodies when at the Points D and d be called V and v. 
Then becaufe by the Poopoiition the Force of the central or 
retaining Power is fuppofed to decreafe as the Squares of the 
Di^oces SD and td increafe, that is, to be reciprocally as the 
Squares of diofe Diftances, we ihall have for the firft Step of the 

I I I 

SD^ ' j55 
Parallel to the Tangents draw the Lines SH and shy and let the 
Force of the retaining Power which a£b upon the Body at D in 
the Direction DS be refolved into two others^ <i//z. DP and DH, 
the former along the Tangent DP, the latter along the Radius 
of Curvature DC, then it is obvious that it is by this latter Force 
only that the revolving Body is retained in the Circle whofe 
Radius is DC, that is, in the EUipfe at the Point D, the other 
Force along the Tangent only accelerates the Body when moving 
towards A, and retards it if moving towards B. To compute 
the Quantity of Force in the Diredion DC, fay as DS is to DH 

fi> is the oblique Force F, or inftead thereof ^rr- (fee Step the 

f ft) to a fourth Number, which fodrth Number by the Golden 

DH SP 

Rule will be ^^r^, or (becaufe SP is equal to DH) cj5i * ^ ^ 

sp ' 
like manner we (hall have -^ for the Force retaining the other 

Body in the Circle whofe Center is r ; but by Corollary of Lem- 
ma 3. the Force liecefTary to retain a Body in a Circle whofe 
Radius is CD is exprefTible by the Square of its Velocity divide4 
by the Radius of the Circle it def^ribes, that is, in l;he prefen^ 

Cufc 
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Vi 



5 



sdj •j^'OO'^ 

s.* • . • 



XCD:-^,Xr^::V«:vf 



sd^ 



4fCD=: 
SP 



LxSD' 



2SP3 ' 



andr/= 



/Xii^ 



SDJ 






Cafe by — 77^. And in like manner the Force retaining the othir 
^ I CD * 

Body in its Circle, will 

, i;q . , SP ^ 

be —T, confcquently 

Multiplying the lall 
Step by CD : cd 

Since CD is fappofed 
to be the Radius of 
a Circle of equal 
Curvature with the 
Figure^ we (hall have 
by Lemma 9. thefe 
Equations, iz/ss. 

Comparing the 3d and 
4th Steps 

That is, by reducing 
the laft Step to lower 
Terms 

Extracting the Square 
Root of each Term 

Multiplying by SP : sf 

But by Lemma 1 \\ the 
Area one Body de- 
fcribes is to that 
which the other 4,^- 
fcribes in the faihls 
time, as V X SP to 
m X sp9 which Areas 
call A and tf, and* 
we fhall have this 
Pn^rtion, v/x. 

Comparing the 8th and 
9th Steps 

Now the Area of the whole Ellipfe ADB is to that of the 
other adby^ AB the longer Axis multiplied by QN the fhorter, 
to ^ X f », thofe Quantities therefore may be put for the Areas 
themfelves : If then we call the Time in which the Areas A 
and a are defcribed in, one, (as one Hour or one Minute 
fuppofe) and the Times the whole EUipfes are defcribed in T 

and 



L / 

/lV7 

' SP JT/ • • ^ • "^ 

8 •r7v'7::VxSP:fi;X// 



10 



A:«::VXSP:«&Xi/ 

• 
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and /; we fliall have (fince the Area a revobriftf Body deferibcs 



AnalogieSy wx. 

And 

Comparing the 3 laft ^ 
Steps together we I 
have the twoM- i 
lowing ones, wx. J 

By De L*Hofpit. Con. 
Sea. Liv. 2. Def. 8. 

Turning the lail Pro- 
^ortionintoanEqoa- 



II 

H2 



'5 



i:T.^:A:ABX(^ 



izT.iYLiABxQ^ 
lit: iVTiakXft 

AB : QN : : Qjr : L 



Extrading die Square 
RootSr of eaiQh Side 
• of the Equation 

And in like manner 

Comparing the * 13th 
and 17th Steps to- 
gether 

And comparing the 
14th a9d 18& to- 
gether 

Dividing the latter Part 
of the 19th Propor- 
tion by ^X 

Dividing the latter Part 
of the 20th Propor- 
tion by ^y 

Comparing the 21ft 
and' 22d 



16 AB.xl>.s($f^ 



18 



Squaring each Term 
That is 



i7f^ASxv(T;=:QJI 

I : / : : /7: fiJ( t<<SMy7 



'S 



21 



22 



vat 



24 TT t // : : AUpCf^fjMkuJfiiX^ 

a 

25 TT : // : : AB' : mi^ 

But h^ the longer A>ds^ AB is equal to .themiddl&XXflMca 
SN^ (D^ L'Hpfpit^ Cqpid* Se^ Ut. 2. Cocoll. 3. o£ the^De* 
fitutions) tkc^^gre* 6pcfi Halves ane proportioioble to^ thcar- 
Wholci [26|TT://::SNi:i»l» Q/BiD<. 



I! 



Prop. 



Prop, IX. If the rcteinmg Power (Jecreafes 
fqi^e^ing fafter as jQfi, gp, from, die Seat; 
thereof (<or wkich. is the ianie thing, increafes 
fomcthing ^fter as you (pome tOjWards, it), than 
iii the {Proportion mentioned in the lail Pirt^ra- 
fition, tnd Uie Figy^re the revolving, Body de- 
fcribcs be no^ a ^irclp, the Axis of ^^ Figure 
will turn the iameWay tiae Body revolves; 
but i^ the faid Power (iecreaies (pr increafes) 
fofoewhfit flower ihaa. in that Propoctbn, the 
Axis of the Figure will turn, the contrary Way, 
, Thus, j^ a revolyipg Body as 0, Fig. 39. 
pa£5ng ft-om A towards B- defcribes the Figure 
A^B/ whpfe, Aids AB at ptefent ppifUs, (jp- 
wards JVt ancl N, and the Power wheri^yit is 
ret^ned- d|:creaj!cs faftcr than_ the Squapc pf the. 
Dj^aijgp ipere^es, , after, a. Number pf- Revolu- 
tions the Axis of die Figai;e w;U point towards 
OLand'.^^ an4 ai^ tb^ ifiy^a^di t^^n^ R, &c, 
rcwoiving, round die iame Way with the Body, 
and if tfip retaining Pp;W?er dpcre^es flpwer 
tH^.iat^at £*ropbnicHi, the Ask will turn 
the oAer Way (V)* 

Ids. Seat jqT [ du iku'sh 
Otc Oib Aua pafling 

1 . 4«lCEifc& A JXVOlTillg ' 

HKi sad IclMIi liiB' 
i)d>. thM. the. And*. 

B, were Jli«a JStgethn. 
hnt tlMt, NiadvanEO. 
lAn^ASNikU-any. 



242 ^e ho&rini Part IV^ 

time donble, trebfe» or in any oAer.Proportioii df AeAoito 
ASD, it (hall always be fo : That is; that the Line. SN (hall . 
always move fafter or flower than the Line SD in ibme certjua 
Proportion; and that die Point M Audi follow or go from the 
Body N, fo as that the Arch MN (hall alwavt be equal to the 
Arch AD. And let it farther be fuppoied that the Line SN i» 
always equal to SDC 

The £rfl Inquiry which ari&s ibere b» wUfher-^ be a 
poffible Cafe ; that is, whether ^e 9odv N moving with the 
above-mentioned Reihidbons, the Lihe ttX can dtfcribe Areat 
proportionable to the Tini9> becanfe. a9.was(,;&ewtt. Part L 
Cbap.' 8. that is always reqvdfite where fiodies; ravqlve^ronnd a * 
central Force, and are retailed in their Orbit^ tnq-eby. . Let it 
then be confidecad in the fiill Place, that the Bdd^ D'MoIving 
in the qnieficent Orb ADB nuiy do fp, its Motion bei^i elogm 
with none of thofe Suppofitions ; fecondly, that t*he Line NS J» « 
always equal* to DS, and the Velocity wlierev^tlr its Extremity' 
N moves forwards, is pfopordonable to thaifivUehrD Ae{&&' 
tremity of the other moves jvith % and confeqyent^ the Axeai 
which one defcribes, (for the Areas depend folel^ Oh thb Lengdi ' 
and Velocity of the Lines that defchbe th^) Willi bb' propoT- 
donable to thofe which the other deicribes ; Since; t^nf^^^ ^^ 
the former may be proporiionable to the Times' they are de- 
fcribed in, it is poffibM thofe^l^ the latter ituy' be (b W; tiiier / 
Siwpoiition therefore above laid d9Wn is not abfiiisdi OTit : ^ 

The next Inquiry is, by what Law the A^n of tl|e qBQttat' 
Force at S muft deciestfe as we recede from ft, that a Bodyas N 
may defcribe the vevolving Orb MNO ih the:Mdnfier' dboVd- ^ 
mentioned. Or, which wUl anfwer onr. Pm^pfe as ^fueU, hoy 
the Force neceflary to retain the Body N deTcribiiig the revolving 
Od> MNO, nmft difierfrom that' which is reqoifiteto^rdbin the 
other Body D defcribing the qniefcent Orb A|)B t!t<^&<^ 
fimilar thereto. 

In order to this, let DR, in Fig. 41 . reprefent a Poition tA the 
quitfcent O&a delMbed in theleailTlhie poffibl^,,IHiI ibkxtimj 
be confi^ered as a ftmit Line; and let'the Motion of tliter Bod/" - 
alopg'thisLine be i«folvcd into two, the one towards 9]aRmg A|? 
Line DT, aiai another aloig th^ LineTR at right Ah^tes^ther^-' ' 
witli j then will ST reprefent the Velocity Wherewitifthe Body ' 
descends to^a^S'S, and confequeritl^ the A€U^it^P<ifatf centra * 
FoKc whereby-it> retained in the Arch VH^l anS'^'.^b re- - 
prdent the Velocity by which it advances forwilhi^ in- &k}Am -'' 
time. Let «t Ht>«r be foppofed that thi$ Oib ADB advances fo^^ 
wavds, while the Arch DR is^^efe^ing^^butiiotby^^^liimea^ 
any additional Force in the C^til-,^^ut by ibm#^»«trf^'ond;^ 
lio^natter what : That is, fnppofc that the Line SJ) tarns round 

tho 
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the Point S f^fler than it. would otherwife have done, carrying 
the Body with it fo much the fafter; but that the Body defcends 
towards S along that Line juft as it did before : That is, in other 
Words, that the Line DT which reprefents the Defcent of the 
Body, is of the hxat Leneth as before ; bnt that the other Line 
TR which reprefents the Progrefs of the Body forwards, is longer 
than it was in the other Cafe. Let it then become TQ: in which 
Cafe, the Body moving over tht Line DT and the Line TQJa 
^e fame Time, will in reality get to the Point Q: But obferve» 
that the Point Q^is farther from S.than the Point R is, becaufe 
the Anfi;le at T is a right one « whereas the Law which we laid 
down wove for the Motion of a Bod)r defcribiii^ a revolving 
Orb was fach, that at the End of the Time in which DR would 
be defcribed in the quiefceat Orb; the Body in the revolving 
Oxb» fhoold be at the fame Diftance fiotti S as if its Orb had 
not revolved ; if then round the Point S, we defcribe a Ciide as 
RFG, and through S draw the Line QG, N muft be the Point 
the B<xiy muft come to. . Since then the Body in defcribiog the 
revolving Orb without any Addition to the central Force above 
what would caufe it to defcribe the quiefcent one, wodd come 
to Qj but with fuch an Addition as )s necefiary to make it re- 
volve in the manner above lai^ down, it comes to N, it is ob- 
vious that the Line QN being the Diftance between tkofe two 
Points will aptly reprefent that Addition. It remains then to 
get the Meafure of that Linf , which may be done in the fol- 
lowing manner. • ' _ 

Produce (^V to ?^ then (by 36. El. 3O will the Re6laDglc 
QN X QG be equal to QR X QF. Therefore 

QNxQGsrC^XQP 



Dividing by QG 



QN=s 



QRxQF 
QG 



Let it be ob&rved then in the £rft Place, that as the Modon 
of revolving Bodies is fuch that they defcribe equal Areas in 
equal Times, the longer the Line DS is (that is the nearer D is 
to A, fuppofe) the fhorter the Line TR muH be, and for the 
fame Reafon alfo the Line QT : That is, both TR and QT are 
TCciprocaUy as SD, which let us put thus 



And 

Obferve fecondly, that fince RF 
is a Chord of a Circle, and 
ST perpendicular to it 

Cc 



TR: 



QT: 



SD 



SD 



5 



TR = TF 



From 
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171^=^+ 



— TR 
TR 



tecMa£e RT and TF «re cqul 

Smoe them by ck« fd and 4(li Stt^ TR and QT are both 
mcbrocal^ as $D, and by ibe 6ch aad Ttb Sctpt, QF is equal 
to die SiuB of tbofe JUaoh ani QgL as equal co tkeir Difereact, 
k it obfiout cbac Of aad QR are aUb eaob radprocaUjr as SD, 



8 



Qf^cK 



QR: 



SD 
I 

s5 



ioQJxQF:si5r 



wbidi put thus 

Moltiplyfag tbe Mb aad 9tb 
$t)qia toother 

Obfenrt alb Ibai wlMlidie?<iaibD»T» R, Q andNeoiocide^ 
«rbkbfliiilevarbef«|>pofed, bacaufe we are aU tbit Time oaa- 
Menng only wlMt it dene at «ie and ^ iame Point of tbeCufft 
vAIMI, <^ it Mddng wfttb ie%eft toMG, tberefbre Q9 aad 
NG are tbe (aate Lme i abiMfbK QG auy be faid to be as NG, 
arre batf of it, <«iK. RS, or ^vMcb will ba die (aoMTyng, DS; 
dRfcfbre ittisad «f Q9 te tbe ad Step, we mty pm DS, aad 

An it wiH tend tbot tt|Qy = - ^ ^^^^ t 

The I itb Step without alttfrii^ 
the Value of it» may bt At 

thut 

Cofflparmg the loihand 12th 
Stcf^ together we ba^ 

That it 



i>;> 
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'3 



H 



QNtsQRxQFXgg 



QN = 



DSJ- 



That is, the Lifte C^, ot the additional central Force reqniiite. 
to caufe a Body to move in a revolving Orb mail be reciprocally 
as the Cube of the Didance of the revolving Body from the Seat 
of the retaining Power. Whereas then, when rfie centripetal 
Force decreafes as the Square of the Difhmce iiltteafes, the re- 
volving Body defcribes a Parabola, an EUipfe, or an Hyberboh)^ 
if to that centripetal Force be faperadded another, that (hall de- 
creafe as the Cube of the faid Diftance increafes ; thofe two 
Forces afUng conjointly upon a revolving Body (hall caufe it to 
defcribe the fame Figure as before, but ttie Axis thereof ihall 
revolve the fame Way that the Body does. 

But obferve here, that if a Farce decreaTet fal(^ bi any Degt^e 
whatever than the Square of the Diitence increafes, but Gowtr 
than the Cube, that Force is ^the Suat «f two Fotvati one of 

whiab 
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Thus it IS the heavenly Bodiies, wz. thie 
Planets both primary and fecondary, and alfp 
the Consets, perform their refpeftivie Revolu- 
tions. The Figures in whfch the primary 
Planets and the Comets revolve, are fellipfes^ 
one of whofe Foci arc at the Sun. The Areas 
they defcribe by Lines drawn to the Center of 
the Sun, are in each proportionable to the Times 
in which they are defcribed. The Squares of 
their periodical Times are to each other as th6 
Cubes of their middle Diftanceis from the Sun; 
The fecondary Plaqets defcribe alfo Circles of 

Wliidi decrdafes as th^ Square, the othet ^s the Cu6s of thi 
Diftance increa£K. Thiu fi>r Tiiiance, let t&« Diftanecs be JR» 
K ^ u the S<}iiai>e« of th^a iviU be 4 tp i, ^bcir Cobes 8 to i| 
and ]et the Forces be as 6 to i ; } fay, this Proportion will arjie 
from adding 4totix>8toi; fer4toi added to, 8 to i, is it 
to a, that is 6 to i. Again, let the Forces be .as 5 to i ; I fayv 
diis alfo will arife fh>m adding 4 to i to 8 to i ; for inftead of 
4 to I kt «is take iztQ % winch >$ t&e £uQie^ Thing* this fiiper- 
added to 8 to i mak^s zou> ^^ that is, 5 tp i. Again, let th^ 
Forces be as 7 to 1 ; this aHb is the SUm of 4 to i added to .8 t0 
I ; for inll«aa of 8 to. k ivse aia^^ (aloe 24 tp 3, which added t0 
4 to I gives 28 to ^ or 7 to k. And the &me for Fradions : 
ifo that let ji Propor^tt be what it will between 4 to i and 8 to 
4, it infty b? ^onildered as arifiog froca 8 to 1 added to 4 to I. 
When the retainiBg Power therefore by which a revolving fiodj^ 
Ss k^t in it3 QrUt, decreases failer th9«n the Square of the 
l^iHaiice increafes, but not fb fail as the Cuhe thereof does ; it 
is a Power dccteaiing as the Sguar^ haviag* another Power die^ 
Gi«aiu}£ 9S i^e Cul;^ of the ]>iilance fupecadded to it; and 
therefore as the Fropofition in the 7 eirt aiferts, if the retaining 
Power dccreaXes ibnething falUr, i^c Q^. £. p. h^ io the 
Figtires turning the contrary W^, wh^ tluc centt^etal Force 
diBcreaies fon»ewhax /lower than ^ the Square of the Diilance 
increafes ; that i^ dettwaftra^ after the i^e xqtaoner^ imUa^s 
mtffandu ; and xhenefove needs <i^ be il^ed JENi. 

C c 2 EHipfoi 
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ElUpfes, one of whofc Foci are in the Center 
of their primary ones. The Area that each 
defcribes by Lines drawn to the Center of its 
Primiry, is proportionable to the Time it is 
defcribed in. The Squares of the periodical 
Times of the Secondaries belonging to the fame 
Primary, arc to each other as die Cubes of 
their Diftances from their Primary. And above 
all, that very Force by which Stones or heavy 
Bodies fall to the Surface of the Earth with us, 
is at the Diftance of the Moon, juil fufficient 
to retain her in her Orbit, fuppofing it to de- 
creafe as we go from the Center of the Earth 
in that Proportion, in which the Caufe, that 
retains her and the reft of the Planets in their 
Orbs, whatever it be, muft do to make them 
elliptical (/)• And farther, which alfo is a 

necefiary 

(/) To find oat whetlier this be fo or not, let as calculate 

what Velocity the Moon would acquirey were ihe to fall half 

way to the Center of the Earth by Virtue of that Gravity, 

whereby heavy Bodies tend to the Earth ; and compare it with 

the Velocity i^e moves with in her Orbit ; becaufe by Lemma 

2 of this Chapter, if (he be retained in her Orb by that Gravity, 

thofe Velocities ought to be the fame. The mean Diftance of 

the Moon from the Earth in round Numbers is 60 Semidiame- 

ters o£ the Earth, therefore the Force of Gravity at the Diftance 

of the Mpon is the Square of 60 times lefs dian it is at the Sur- 

' face of the Earth ; therefore the Fall of a Body at th^t Diftance 

in a Second of Time, will be fo many times lefs than it is here; 

but the Fall of a Body here in a Second, is about 15 Paris Feet, 

confequently at the Moon it is but ,004166 Feet. The* Space 

then a Body would move over in a Secofid, with the Velocity 

acquired by that Fall, is, by Part I. Chap; 5. f 7. twice that 

• <^antity, 'viz. ,008332 Feet, which Number therefore may be 

put to exprefs the Velocity a Body would acquire thereby. Now 

becaufe the Velocities Bodlies acquire by falling, are as the fquare 

' Roots 
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ncccffary Confequencc of what we arc about to 
lay down, the Motion of the Planet Saturn is 
obferved to be difturbed by "Jupiter ; and thfe 
Secondaries of Jupiter to be difturbed in their 
Motions upon the nearer Approach of Saturn^ 
and the Courfe of the Moon is inceifantly al- 
tered by the Action of the Sun, in fuch man- 
ner as to caufe all thofe Irregularities mentioned 
in Chapter the 8th of this Part. All which> 
together with the Preceflion of die Equinoctial 
Points, the Nutation of the Poles of the Earthy 
and the Phaenomena of the Tides, which na- 
turally flow from it, make it extremely pro- 
bable that there is a Virtue difFufed about the 
Sun and Planets, not unlike that of Attraftion^ 
which decreafes as the Squares of the Diftances 
from the Centers of thofe Bodies Lncreafej and 
afting upon Bodies in Proportion to the C^n- 

Roots of the Spaces they fall through, Part I. Chap. 5.^6. 
fay, as the Square Root of ^0041 66, is to the Sauare Root of, 
590866170, which is half the Semidiameter of the Moon*s 
Orbit, (fuppofing the Semidiameter of the Earth to be 19695539 
Feet, which is CaJJm^% Meafi)re, and the Diftance of the Moon 
from the Earth to be 60 Semidiameters above) fo is ,008332 to 
3135 Feet, which is therefore the Space the Moon would move 
over in a Second with the Velocity ihe would acq^uire by falling 
half way to the Center of the Earth. But this *c6mes within aa 
hundredth Part of her Velocity in hfcr Orbit, as may eafily be 
calculated from the Time fhe revolves in, n)i%, 27 Days, 7 
Hours, and 43 Myiutes, and the Semidiameter of her Orjbit» 
which according to the Meafures we have taken above, is 
1 181 732340 Feet. That Force therefore by which Bodies fall 
to tha Ground witS us, is at the Diftance of the Moon fuch as 
is reqnifite to diredi her Courfe. 

'N, B. The Proportion of a Paris Foot to that of EuglanJ^ is 
as 367196 to 343800, 

.1 C c 3 tity 
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tky of Matter they contain, caufes the Cometh 
and primary Planets to revolve about the Sun^ 
frtd the Secopdaries about their refpedive prir 
mary ones, according to the Tenour of th^ 
Propofitiona laid down in this Chapter. 

This being allowed, it will follow, that as 
the Sun attrafts, the Planets, and thereby re^ 
tsuns them in their Orbs, thf y in li^e manner 
attra<^ the Sun, though with Forces propor«- 
tionable only to the Quantities of Matter they 
9onta|n ; fo that flrldly fpeaking, each primary 
Planet revolves not about the Center of the 
Sun, but about a Point which is the Center of 
Gravity between the Sun and that ; and that 
the Sun moves alfo round that Point, and is al<* 
ways oppofite to the Phnct with refped there- 
to : And likewife that the Center of the folar 
Syftem is not in any one Body, but in th<^ 
common Center of Gravity of all the Bodies of 
which it confifts^ But then the Sun is fo im« 
menfely large in refpedt of any one, or all of 
thofe Bodies put together,. Uiat that Center is 
very near |he Center of the Sun. In like 
manner, the Moon does not revolve about th6 
Center of the Earth as a Point at reft, but 
the Earth and Moon revolve each about the 
Center of Gravi^ common to them both, 
which Center of Gravity it is and not th? 
Center of th^ |)arth, that defcribes the Orbit 
the Earth is commonly faid to revolve iti^ 
^nd fo of the other Planet;s ytrhic^ arp ^t^ 
^^d?d by Secondaries,. 
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The Irregularities in the Motion of the 
Planet Saturn^ and thofe of the Secondaries of 
Jupitery owing to the Caufe abovementioncdp 
^re fo exceeding fmall, that it ihall fu£&ce to 
have juft mentioned tbexp. 

The more remarkable Efiefls of the diilurb^ 
ing Force of the San, are the lunar Irregularities^ 
the Preceflion of the Equinoctial Points, theNu^ 
tation of the Poles of the Earth, and the ebbing 
and flowing of the Sea, which ihall be particu- 
larly coniidered in ihe following Chapter, 



C H A P- XIX. 

Of the Lunar Irregularities, the Pre- 
ceffion of the Equinoftial Points^ 
the Nutation of the Poles of the 
JEarth, and the ebbing and Rowing 
of the Sea. 

I. ^ I ^O account for the lunar Irregularities^ 
X. let S in Fig. 42. rcprefent the Sui^^ 
T th6 Earth, and LMNQ d^^ Orbit of the 
Moon, and let the Mooa be in onp of its Qua- 
dratures at L, and let the Lbes LS and TS be 
drawn. It is obvious, that th? Tendency th/e 
Moon has towards the Sun if along the I^inp 
LS, and that which the Earth has, is along the 
Line TS : Let then the former of tbelc be 
refolved into two others,, the one along LA 

C c 4 , paraU^ 
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parallel and equal to TS, the other from L 
to T along the Line LT. The former of 
thefe Tendencies being parallel and equal to 
that whereby the Earth tends along the Line 
TS, alters not the Situation of the two Bodies 
L and T with rcfpeft to «ach other ; that is, 
it difturbs not the Motion of the Body L \ but 
the other along LT increafes its Tendency to- 
wards T. 

And this Incrcafe will be to the Tendency 
the Moon has to A, which is the fame the 
Earth has to S, as the Diftance LT to LA, or 
TS. Or in other Words, the Gravity of the 
Moon towards the Earth in the Quadratures 
is augmented by the A£tion of the Sun 5 and 
that Augmentation is to the Tendency the 
Earth has to tht Sun, as the Length of the 
Line LT, or the Diflance of the Moon from 
the Earth, to TS the Diftance of the Earth 
from the Sun. 

So that the greater the Moon's Diftance is 
from the Earth, the Diftance of the Sun re- 
maining the fame, the greater will this in- 
creafe of the Moon's Gravity towards the Earth 
be. But if the Diftance of the Moon from the 
Earth remains the fame, and the Diftance of 
the Sun be augmented, this additional Increafe 
will be the lefs in Proportion to the Cube of 
-that Diftance [a). 

Let 

(a) For^ if TS be increared while LT remmns the fame, 
LI* will -be ib much the lefs with ttfy^ to TS^ that is the fo- 
creafe will be dimiaifhed in Proportion to the Sun's Diftance: 

But 
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Let now the Moon be in one of its Syzygies 
at M, then will the Tendency flie has to the 
Sun over and above what the Earth has, which 
is farther off at T, be to that which the Earth 
hasi as: the Difiercace of the Squares of SM 
and ST is to the Sqtrare of SM : but the Dif- 
ference between the Squares of SM and ST 
bears nearly fuch Proportion to the Square of 
SMas twice MT, that is MO, docs to SM ; 
becaufe the Difference between the Squares of 
two Numbers whofe Difference i^ very fniall 
with refped to either of them (as the Difference 
between SM and ST is with reipfedl to the 
Diftiance of S) bears litde more than double the 
Proportion to the Square of the leffer Number, 
that the Difference between the Numbers them- 
fclves bears to the leffer Number {m). The 

But when TS tHe Diftance of the Sun is increafed, the abfolute 
Force of the Sun, and therewith the abovementioned Increafe, 
will be diminifhed alfo in proportion to the Square of that 
I^flance, confequently taking in both the Accounts, it .will 
upon the whole, be diminifhed in Proportion to the Cube of 
that Diftance. 

. (m) Dem, Let a be the leffer Number, and a-^'l thehrgisr, 
and let their Difference 6 bear no fenfible Proportion tq the 
leffer a. 

Then the Square of the lefler is < ^ ■ ■ ' aa 

The Square of the larger is ■ aa*^ zah ^ib 

The Diffierence between thefe is ■ zab^hS 

And hb being reje£(ed as incon£derable, the } r 

Di^rence is only ) 

Now the Proportion oi zab to aa vi (taking al 2^ to 

out of each Term) 3 * 

But zbtooi is double the Proportion that once b has to a, and 
therefore the Difference between the Squares of the two Numbers 
bears little more than double the Proportion to the Square of the 
lefler Number, that the Difference between the Numbers them- 
felves bears to the lefler Number. C^E. D. 

Tendency 
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TeodcDcy dierefore the IVfooo when at M» has 
ta the Sun, over and abo? e what the Earth has^ 
1$ to that which the Earth has» nearly a» MO, 
or twice LT, to SM,^ or becat^ of the Sun's 
neat Diftance, as twice LT to TS« Her 
Tendency therefore to the Earth is now di<- 
miniihed in that PropcMtion ; But as was fliewft 
above, it was augmented in the Qiuidratures ia 
the Proportion only of LT to TS, The Di- 
minution here is therefore nearly doable of the 
Augmentation there. 

And whereas that Augmentation, when the 
Diflance of the Sun remains the fame, w^s 
ihewn to increafe with the Diftance of the 
Moon ; but when the Diftaxice of the Moon re- 
mains the fame, to decreafis with the Cube of the 
Sun's Diftaqce ^ this; Diminution being always 
nearly double of that, will do the fame. 

When the Moon is in the other Syzygy at 
O, ihe is attracted towards the Son lefs than 
the Earth is by the Di£Ference of the Squares 
of SO and ST; which as to the EfFedt, is the 
fame Thing 9s though the Earth was not at-r 
framed at all towards S, and the Moon were 
attradcd the contrary Way, fo that her Ten- 
dency to the Earth is here alfo diminiihed, as 
well as when £he was at M, and almoft in the' 
fame Degree; for on Account of the Sun's 

treat Diftance, the Difference between the 
quares of SO and ST is nearly the ^n)e as 
between ST and SM* 

Or becaufe this Way of accounting for the 
Diminution of the Gravity of the Moon to* 

wards 
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wards the Earth in the Syzygies may not be 
fufficiently clear, it may be conlid^red other- 
wife, thus. The annual Courfe of the Mgon 
round the Sun being performed in the fame 
Time that the Earth's is, (he ought to be re- 
tained in that Courfe by the fame Force that 
the Earth is, whereas when fhc comes to M, 
the Adion of the Sun upon her is greater than 
it is upon the Earth, by tlie Difference of the 
Squares of SM and ST j and when ihe is at O, 
it is lefs than it is upon the Earth by the Dif- 
ference between the Squares of ST and SO : So 
that in the former Cafe (h^ is drawn too much 
towards the Sun, and in the latter too little ; 
jind therefore in bothi Cafes her Tendency to- 
wards the Earth is diminished ; and almoft in 
the fame Degree ; becaufe, as was obferved 
above, the DiiFercnce of the afoovementioned 
Squares is nearly the fame in either Cafe. 

Let the Moon be in a Point of her Orbit 
between the Quadrature and the Syzygy, a$ 
^ I< in Fig. 43, Then being nearer the Sua 
than the Earth is, (he will be attraAed with a 
ftronger Force: IrCt it be exprcfled by LS 
prcxluced to D 'till l^PlbjC of fuch Length,; 
tl^t TS being put to^ expref^ the A^on of 
the Sun upon the Earth, LD may be ]f>n^ 
^ough to exprefs the flronger Forqe of the 
$un upon the Moon : And let LD be reiblvedi 
into two others, one of which let be LA equal 
and pvallel to TS, then will the other be 
Af,l>y or its equal and parallel LG. This LG 

k 
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IS the only diftUrbing Force upon the Moon at 
L, the other LA being parallel and equal to 
TS, affisds the Moon juft as the Sun does the 
Earth ; and Co alters not thdr Situations with 
rcfped to each other* Let then, to avoid a 
Confufion of Lines, this Figure with the Line 
LG, be removed to the 44th. This Force 
LG may be refolved into LI and LH, the one 
a Tangent to the Orbit of the Moon, and the 
other perpendicular thereto : The former ac- 
celerates d)e Motion of the Mooa when going 
from the Quadrature at Qjto the Sy zygy at B j 
and will retard it when going from B to R. 
The other when H falls upon TL produced, 
as in this Figure, diminishes the Tendency of 
the Moon towards the Earth, and when it falls 
between L and T, it augments it. 

When the Moon is at L between the Qua- 
drature R and the oppofite Sy^ygy O, in Fig* 
45. the Tendency of the Moon towards the 
Sun is lefs than that of the Earth ^ it may thea 
be expreffed by LD a Line ihorter than TS^ 
and is refolvable into LA a Line equal and 
parallel to TS and DA, or its equal and^ pa* 
rallel LG. Which LG is the only difturbing 
Force, and may, as - in Fig. 44. be refolved 
into two others, one of which fhall draw the 
Moon towards O, the other to or from T, as 
the Cafe may happen. So that in die &x& Place> 
the nearer the Moon is to its Syxygies, the 
gre$iter will be its Velocity > and the nearer it 
is to the Quadratures, the flower it will move ; 

becaufe 
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bccaufe one of the Forces into which LG ia 
refolvable (as LI in Fig. 44.) accelerates its 
Motion from the Quadratures to the Syzygies j 
and retards it as much from thence to the Qua- 
dratures. Which is thejirji Irregularity [n). 

2. When the Moon is in the Quadratures as 
at L or N, or in the Syzygies as at M or O, 
fee Fig. 42. the difturbing Force is diredled to 
or from the Center of the Earth ; and there- 
fore when the Moon is pafling thofe Points it 
is no Impediment to her defcribing Areas pro- 
portionable to the Times ; but when fhe is at 
L in Fig. 44, or 45, where the difturbing 
Force is exprefled by LG, only one of the 
Lines into which it is refolved, as LH, points 
to or from the Center of the Earth, the other, 
as LI, pointing another Way, prevents her de- 
fcribing Areas proportionable to the Times^i So 
,that it is only in the Quadratures and Conjunc- 
tions, that the Areas are proportionable to the 
Times. Which is thefecond Irregularity. 

3 . The Motion of the Moon being accele- 
,rated during her Progrefs from the Quadratures 
to the Syzygies, and retarded from thence to 
the Quadratures, her Motion in the Syzygies 
is too quick, in the Quadratures too flow: 
add to this, her Tendency to the Earth is in 
the former Situation too fmall, in the latter 
too large : Both which confpire to render her 
Orbit more curved in the Quadratures than in 
the Syzygies, fo that (he runs off farther from 

{n) See the Lunar Irregularities enumerated in Chap. VIIL 

the 
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the Earth in tfaeQnadratures, and comes nearer 
m the Syzygies than fhe would otherwife do» 
defcribing an Orbit, one of whoie Axes^ viz. 
that which paflea through the Quadratures, is 
longer than that which pafles through the 
Syzygies. M^cb is a tUrd Irregularity. 

4. Hie Grairity of the Moon towards the 
Earth in the Syzygies being about twice as 
much dimini(hed by the Aftion of the Siin, as 
it is augmented in the Quadratures ; if we take 
a whole Revolutitm together, it may be coik 
fidered as diminiflied only. In die Perihelion 
iS^erefc^'e, at which Time the Earth and Moon 
are neareft the Sun^ it will be diminiflied the 
moft of all ; that Diminution (as (hewn above) 
being inverily as the Cube of the Sun's Dif-- 
tance, and fo the Gravity or Tendency of the 
Moon to the Earth will be the leaft. On which 
Account fhe will run out into 1 greater Orbit ; 
and fo hef periodical Time will be greater, 
than when the Earth is in its Aphelion. Wbicb 
is a fourth Irregularity, 

5. When the Moon is in the Quadratures^ 
the Aft ion of the Sun (as flicwn above) in- 
creafes the Tendency of the Moon to the Earth 
in Proportion to her Diftance from thence, this 
Force fuperadded to the Action of the Earth 
upon the Moon, which decreafes as the Square 
of the Diftance increaies, occafions that Force 
to decreafe as you go from the Earth, Jkrwer 
than it would otherwife do; or which is the 
fame Thing to increafe flower as you go the 

2 other 
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other way. But by Prop* 9. of the fofegmng 
Chapter, when a retaining Power decrea&s ot 
increafes flower than the Square df the Diftance 
Sncreafes or decreafei, and the Planet 'defcnbei 
an BMipfe, the Linea A^fidum of that Pianei; 
will go backwards ; the Linea Affidum there^ 
ibre of the Lunar Ortuc, iK^ien dfie iB iii the 
Qua^atureft, ^$lM»ckward6: When the Mooft 
is in the Syzygies the AQion of the Stm dimi- 
tiHhes her Tendency towards the Earth, tnd 
l^reby make it decreafe as yon go from, or 
increafe as you go to the Earth, too faft ; anl 
lb the Lined Apfidum at that Time goes fer^ 
wards. Bat die Diminntion in the Syzygies 
exceeds the Augttientation in the Quadratures^ 
dnd ib the tAnta Apjidum goes farther forwards 
than backwards every Time^ 611 at Length k 
revolves quite round according to the Order of" 
the Signs. Which is A fifth Irregularity. 

6. When the Gravity by which a Planet is 
retitned in an Orbk that is excentrical, decreafes 
or iitcreaies t<»fafi^ the Planet when going off 
ffxxn the Seat of the retsuning Power, that Is, 
towards its upper Apfiiy will go off too for ; 
and when it is coming to its lower Apfis^ it 
will approac^i too near; and (b the Eccen- 
tricity of Its Oft>it Will be incieafed. When 
its CSfravity decrdfes or increafes t^ Jlawy the 
Planet will not In the fcrtkier Cafe go off fior 
enough, nor eome To near to the Seat of the 
tetainiog Pow# in Hhe Ittter, as it Ought t6 do ; 
in tlsBS Cajfit llitrclbre, the fixcentricity of its 

Orbit 
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Orbit will be dimkifhed. But the Tendency 
of the Moon to the Earth when in the Syzy- 
^es, decreafes or increafes too faft, the Excen^ 
tricity of her Orbit is therefore at that time 
the greateft ; and on the contrary it is the lead 
when £be is in the Quadratures. And if we 
compare feveral Revolutions of the Moon to- 
gether> we fhall find;, then when the Unea 
Apfidum is in the Quadratures, the Excentri- 
city of the Lunar Orbit will be the leaft of all ; 
beqaufe in that Situation of ^e Lima Affidunit 
the Difference between the Tendency the Moon 
lias to the Earth in one of the Apies, and that 
;.which it has in the oppofite one^ is the leaft of 
all : Whereas when die Linea Apfidum is in 
the Syzygies, that DiiFercnce will be the greateft; 
and therefore the lunar Excentricity wHl be fo 
too/ IVbicb is afixtb Irregularity. 

7, We have hitherto been confidering fuch 
Irregularities in the Courfe of the Moon as 
would happen if its Orbit were coincident with 
the Plane of the Eclipdc : But as it is not fo^ 
there will arife others j^ in order to account for 
which, it will be proper to premife the follow- 
ing; Confiderations. 

Eirjiy That when the Line of the Nodes is 
in the Sy^ygie^, the Plane of the Mgon^-s 
Orbit paftes through the Center of the Sun as 
well as through thiat of rthe.Eartfa>^nd*fo the 
Moon in that .Situation of the Nodes, is not 
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drawn out of the Plane of her Orbit by 
the Sun. 

. Secondly y That when the Line of the Nodes 
is in any other Situation, and the Moon not 
in one of the Nodes, fhe is continually drawn 
out of the Plane of her own Orbit, on that 
Side on which the Sun lies, t'or ihfiance, if 
the Plane of her Orbit produced pafles above 
the Sun, the Sun draws her downwards; if on 
the contrary, the Plane of her Orbit produced 
pafles below the Sun, it draws her upwards* 

From |hefe two Confiderations it follows, 
that when the Line of the Nodes is not in the 
Syzygies, stnd the Moon having pafled either* 
of the Nodes, has got out of the Plane of the 
Ecliptic on either Side of it, . the Adlion of the 
Sun occafions the Moon to return back to the 
Plane of the Ecliptic fooner than (he otherwife 
would do; but where the Moon enters that 

* • • 

Plane, there is the next Node; fo that each 
Node does as it were come towards the Moon, 
meeting her Part of the Way. ^ And the 
nearer the Line of the Nodes is to the .Qua- 
dratures, the greater is this Effed, beeaufp in 
that Cafe the Sun js the..fartheft of s^ll from 
the Plane of the Lunar Orbit produced* So 
that the Line of the Nodes goes backwards 
the faft^ft of all, whcyii it is in the Quadra- 
tures; and not at all b.fhs.Syzygie& ' /^/VA 
is the feventb Irregularity.^ 

8... Again, when the ^QAt% are in the Qua- 
dratures, and the Mooii h^a lately paiTed one 
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of them, and is approaching that S3r2S]rgy that i& 
next the ^n^ the: A^on of the Sun upon the 
Moon prevents bet ^cending fo far ; that is, 
departifig fq far>from the Ecliptic as ihe other- 
wife would do^ aAd ^fo dimini(hes Ait Inciina^ 
tion of jlierOrbic to the Ediptict ' And a$ fhe 
goes (HI to the next Quadrature, bybaftening her 
De&ent' to the Ecliptic^ it occafions ibit Moon 
to crofs it in a larger Angle than ihe Would 
otherwife do y and fa increafes the Inclinattoa 
of the Orbit as much as k diminiflied itbefore*^ 
And, for the fame Reafon^^ while die Mooii 
paffes from that Quadrature to the oppofite Sy- 
zygy, the Adion of the Sun decreales rile In- 
clination of her Orbit, and increafes it again 
in her Paflkge frdm thence to the ne^tt Qradra^ 
ture. ' AH which needs no ferthcr Illuftration^ 
unlcfs the following Inftance may bfe of Ufe- 
If you tofe a Stone up into the Air, the AdKon 
of the Earth lipon the Stone ^events it from 
riling fo high as it would other wife do; and if 
a Stone be thfoWn down obliquely, the fame 
Aiftbn by ben^g its Courfe towards the Earrii 
alt the Way,, makes it ftrike the Earth in a 
larger AAgle than it -wouM otherwife do. 

When the Nodes are in^ the Sy2jrgie8, the 
Inclination: of Ae lunar Orbit to the rtane 6f 
^EcH^c is neiflicr increafed nor diminifhed : 
*tht Suateitig then' in thcf lancx>f diu^oon's 

Orb^ produced.. . : '^ 

' Btit:while the.No^s are ^alfina ifi^om the 
%2ygie8 te'^the O^tedtatnres, the Inclination 
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of the Mocm's Orbit to the nane of tbeEcIiptic» 
is diminiflied in every Revolution of the Moon i 
and while they are paffing from thence to the 
Syzygies, it is continually increafing. So that 
the Inclination of the lunar Orbit is the greateft 
of all when the Nodes are in the Syzygies^ and 
leaft when they are in the Quadratures, ff^cb 
is an iigbtb Irregularity. But this requires a 
particular Explanation. 

Let then S in Fig. 46; reprefent the Sun, 
NFDG the Plane of the Ecliptie, QR the 
Quadratures, and MO the Syzygied. And let 
NLDI be the Orbit of die Moon; and fup« 
pofe the Nodes at N and D in the middle 
between the Syzygies and the Quadratures. 
Farther, let there be a Point H in the Ecliptie 
oppofite to the Point S, and let the Orbit 
NLDI be fo inclined to the Plane of the 
Ecliptic, that if it were extended every Way, it * 
would pais above S and below H. Then be* 
caufe when the Moon is nearer the Sun than 
the Earth is, (he is attracted towards the Sun 
more than the Earth i^ ; and when fhe is farther 
off, the Esurth is attracted more than fhe is, in 
which cafe £he is therefore as it were attracted 
the other way ; let us imagine a Sun at S, and 
another at H ; and kt it be remembered that 
the Orbit c^ the Moon producedy pafies above 
S and below H : And let the Moon be afcend- 
ing from N towards L. Then the Attra^on 
here being towards S, and the Orbit produced 
being above S, it is obvious that the ^4ooA wSI 
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not rife fo high as L, but will^pafs to A, 2^ 
Point between L and F, defcribing the Curve 
NA, fo that the Inclination of the lunar Orbit 
is perpetually diminiflied, while the Moon is 
pafiing over 90 Degrees from the Node N, it 
being a quarter of a Circle from N to A. Tq 
avoid Confufion in the Figure, let us fuppofe 
that- the Moon came to L. In going fron\ 
thence to the next Quadrature at B, which is 
45 Degrees, the Attradion of S prevails ftillj 
becaufe the Moon is as yet nearer to S than 
the Earth is ; and therefore as the Orbit pro* 
duced is above S, and the Moon going down- 
wards, the Attraction of S haftens her Defcent, 
and fo makes her defcribe the Curve X.C inftead 
of LB, which if produced would make with 
the Plane of the Ecliptic, a larger Angle than 
her Orbit LB does at D ; in going over this 45 
Degrees therefore the Inclination of her Orbit 
is increafed. Let us now fuppofe her going 
from B towards D ; the Attraction here lies 
towards H, becaufe flie is now paft the Qua- 
drature ; and flie is tending to a Point below 
H ; H therefore attradls her upwarjds, making 
her defcribe the Curve BE, inftead of BD, 
which is about 45 Degrees more, and makes a 
lefs Angle with the Plane of the Ecliptic, than 
BD does : Not that E falls beyond D, it only 
happens fo in the Figure, becaufe we fuppofed 
the Moon to move from L and B inftead of A 
and C. Upon the whole therefpr^, while (hp 
moves /rem N tpP, the Inclin^iojai of her 

V* . Orbit 
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'Orbit is "diminifhed during three Parts out of 
Tour of her Paflage. In like manner it is di- 
miniftied by the Attradtion of H, while fhe 
defcends from D to I, and augmented by* the 
fame Attra<5tion in going from thence to K, and 
diminiftied again between K and N. Add to 
this, that ^yhile the Moon moves from N to L, 
or from D to I, the difturbing Force, whether 
•of S or H, is much more confiderable than it 
is when fhe is between L and D, or I and N ; 
becaufe in the former Gafe, the Difference be- 
tween her Diftance from the Sun, and that of 
the Earth from the fame, is greater than it is ih 
the latter. ^ While the Nodes therefore are*be^ 
tween M arid R, and O and Q; that is; while 
they are paffing from the Syzygies to the Qua- 
dratures, the Inclination of the lunar Orbit is 
continually diminifhing. -^ ' 

For though we have fuppofed the Nckles 
equally diftant from the Quadratdres and Sy- 
zygies, the like Effedts vvill happen, though 
different in Degree, when they are Aearer to 
the one than to the - other ; as is- eafy^ t6 
imagine. : ' » 

Let now the Nodes be in the mid Way, be- 
tween R and O, and Qahd M, fee Fig. 47. and 
let the lunar Orbit produced pafs above 'S and 
below H as before, and let the Moon be afeend- 
5ng fi?'om the Node D tovvards B. She being 
there in the Power of H, "and moving in a Plane 
which if produced paffcs belovvH, wiHbe at- 
Jrafted upwards thereby, fo- as to defcf ibe the 
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y\w DC infiead of DB \ by which sqcans the 
Inclination of her Orbk wiU be increafcd. In 
going from dicnce to I, '(he is in the Power of 
S, which lies below her Orbit produced, and £> 
her Afcent will he diminiihcd, and (he will go 
^o ^y inftead of I \ whereby the Inclination of 
her brbit will be leficned \ and afterwards aa 
(he defcendi towards N (he will be attracted 
downwards ail the Way conaing to E inftead of 
N ; by which means the Inclination of her 
Qrbit v^ agaifi iqcreafed. So that upon the 
whole it is increased three Parts out of four of 
her Paflage from Node to Node ; lor the like 
will hold in her Paflage through the other Part 
of her Orbit) and as well when the Nodes are 
not in die middle between the Quadratures and 
the Syzygies, as when they are, except in Point 
of Degree. And for the Rea(bn mentioned in 
the other Cafe, the Force which augments the 
Inclination of the Orbit^ is fuperior for the 
Time being, to that which dimini(hes it. 
While the Ixodes therefore are pacing from 
the Qiiadratures to the Syzygies, the Inclina* 
tion of the Moon's Orbit to the Plane of the 
Ecliptic is continually increafing. Which is 
what remained to be made out. 

AU thefe Irregularities are greater when th<! 
Earth is in its Perihelion, than when it is in its 
Af^ioDs becaufe as was d3fer?ed above^ the 
Epfc^jf- of -the Sun'isrr ASion whereby they ar^i 
pfbducedi is inverfly as the Cube of its Dif* 
tance from the Eaith. They are aUb greater 

when 
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i^hen the Mbon is in Conjuodiotr V9fix the 
Sun, than in Oppofidon for the fanie Rea&Q; 
for the E^th and Mpon taken toother, are 
mearer the Sun in the fbrnoer Situatioo of the 
Moop, than they are in the latter^ 



1/ 



II, JUet us now imagine that theJ 
is a (olid Ring like that of Saturn, and that 
it moves round its Center T the fame Way the 
Moon does round the Earth ; it is obvious that 
^every Point of this Ring, will endeavour to 
put on the faa3,e Motion that we have /hewn 
the Moon to do : That is, that every Point in 
its P^ge from N to L, will endeavour to 
move in the Line NA,. (fee Fig, 46,) every 
l^pint between L and 6^ wiU endeavour to 
defcribe t^e Curve IX, and every one between 
6 and D, the Curve BE ; and the like for Fig. 
47. So that the Ring as to the Motbn of its 
Nodes, and its Inclination to the Plane in which 
its Ceoter moves, will, be aifeded ip thefame 
mann^ that the Orbit of the Moon is j^ and 
therefore ks Nodes, whefn in the^Sy^ygi^s, will 
ftand fiill, and its Inclination to the Plane of the 
Ecliptic wHL be the greiiteft x In all other Skua^ 
tiona the Nodes will go back wardB> and ^iflefl; 
.of all wben.in the Q^rafivres, at. which Time 
the Incliqation.of the Ring wUI be tSjxz lea(t " 

Let us now fuppcfe idiat, there is a Redan* 

daocy of Matter funoimding di^ Eacth in the 

-equatoreal P^ts jtberfoi^t. ^r )4njpdler^ Words, 

thajt the Earth Is an obj^itie . Spheroid) having 
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its equatorcal Diameters longer than that which 
paiOes through the Poles, as we (hall fhew it to 
• be in the next Chapter. This Redundancy of 
Matter, will, like a Ring furrounding the Earth 
and fixed to it, endeavour to put on the above- 
mentioned Motions, -and thereby communicate 
thenl'to the Earth itfelf. The equinodial Points 
therefore which anfwer to the Nodes of the 
Ring, when they are in the Syzygies^ that is, at 
the Equinoxes, will (land fliil, and the Incli- 
nation of the Equator to the Plane of the 
Ecliptic will be the greateft ; in all other Situa- 
tions they will go backwards, and fatleft of all 
at the Summer and Winter Solftices, at which 
Time$ they are as it were in the Quadratures 
with the Sun ; and then the Inclination of the 
pbovcrmcptipned Planq will be the leaft^ 

ill. From hence it follows, that the Axis 
of the Earth, being perpendiculiar to the Plafie 
of the Equator, changes therewith its Inclina-* 
tion to the Plane of the Ecliptic twice in every 
Revolution of the Earth about the Sun*. For 
inftance, it incrcafcs while the Earth is moving 
from the Solftitial to the Equinodlial, and di- 
minifhe;5.as much in its Paffage from the Equi- 
nodial to the Solftitial Points. Which Phano-^ 
menon'is called the Nutation of the Poless 

\ i I 

_.: ly. .Another Phaenomenon and ^f the fame 

kiosi.vC^ith the lunar IrtcgularitieSi is the ebbing 

*^d flowing of the Sea J only/ as tbofe arifc 
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from- the Adion of the Sun upon the Moon, 
chis is owing to the Influence both of the Sun 
and Moon upon the Waters of the Ocean; 
and is to be accounted for upon the fame 
Principles, after the following Manner. 

Let the Point L in Fig. 48. reprefent the 
Moon, MNOP, the Earth, whofe Center is 
C. And let G be the common Center of 
Gravity of the Moon and the Earth. Which 
latter let us fuppofe furrounded with Water to 
a great Depth. Then, according to what was 
obferved at the End of the laft Chapter, thefc . 
two Bodies continually revolve about the Point 
G, the* Point M defcribing the Circle AB; 
the Point C, the Circle NP^ and the Point O, ' 
the Circle EFj arid all in the fame periodical 
Time; confequently by Propofition the. third 
of the foregoing Chapter, the Forces they re- 
quire to retain them in thofe Circles ought to 
be to each other as their Diftances from the 
Point G : That is, as GM, GC and GO. 
Confequently the Point O, which for Diftinc- 
tion fake we will call the Nadir, requires a 
greater Force than the Center C; and the 
Center, a greater Force than the Point M, 
which we will call the Zenith. Now thefc 
Points are retained in thofe Circles by the 
JVloon at L, confequendy the Nadir which 
requires the nioft, is attra<fted the lead, as 
being fartheft off ; and the Zenith which re- 
quires the leaft, being the neareft, is attraded 
f he mofi J that is, the J(Sfadir is attra^ed too 

little, 
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little, and the Zenith too much : The obvious 
Confequeace of which is, that the W^lcf both 
in the Zenith and Nadir^ will endearour to 
leave the Center C ; or» in otha* Words, will 
lofe part of its Weight. But the Water at N 
and P will have its Weight augmented, juft 
as the Tendency of the Moon at L (in Fig. 
42>) towards T was fhewn to be augmented 
by the Adtion of the Sun at & So that the 
Water at N and P will be heavier than an 
equal Qijantity at M or (X And con&miently 
the Surface of the Waters at N and r will 
fubfide, and that at M and O will rife, *tiU 
the Equilibrium be reftored. On which Ac- 
count, the Form of the Earth, or rather the 
JSea, will become an oblong Spheroid or Oval, 
as reprefentcd by NKMH^ in Fig. 49. whofe 
longer Axis produced pafles through the Moon 
^ L. As therefore the Moon turns round the 
Earth once a Day, this Oval of Waters turns 
with her, occafioning thereby the two Floods 
and Ebbs obfervable in each 25 Hours: or to 
ipeak nK>re accurately, the Oval of Waters 
iceeps pace with the Moon in her Monthly 
Courfe, while the Earth in the mean Time, 
by its Rotation about its A^is, carpes each 
part of its Surface from Ebb to Flood, *and 
irom Flood to Ebb continually. 

And as the Moon thus raUes the Water ia 
one Place, and deprelles it in another, the 
, 3un does the fame > but in a much lefs De- 
cree, on Account of the (mail Proportion the 

Semidiameter 
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Semidiam^er of the Earth bears to the vaf): 
Diftancc of the Sun \ for, as was (hewn of 
the Moon, the Force of the Sun whereby it 
difturbs her Motion, was proportionable to the 
Relation the Diilance of the Moon from the 
Earth bears to that of the Sun from the 
iame, which in the Cafe before us, is the 
Relation the Semidiameter of the Earth bears 
to the Diftance of the Sun, which. Relation 
is very finall. 

When the Moon is in Conjiindtjon or Op- 
portion with the Sun, the Tides which each 
of them endeavours to raife are in the fame 
Place, which is the Reafon they are fo large 
at thofc Tinaes. Whereas when the Moon is 
in the iirft or laft Quarter, the Sun being in 
the Meridian when the Moon is in the Hori- 
zon, depreflcs the Water where the Moon 
raifes it, on which Account, the Tides are 
then (cateris paribus) the leaft of all. 

On the full and new Moons, which happen 
about the Equinoxes, at which Time the Lu^ 
minariesare both in the Equator or near it, the 
Tides are the greateft of all, on the three fol«- 
lowing Accounts ; in the iirft Place, the two. 
Eminences of Water are at the greatefl Diftance 
from the Poles, and fo the Difference between 
Ebb and Flood is more fenfible ; for if thofe 
Eminences were at the Poles, it is obvious we 
fhould not perceive any Tide at all : Secondly, 
the equatoreal Diameter of the Earth produced 
jMiles through the Moon, which Diameter i$ 

longer 
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longer than others, and fo there is a greater 
Difproportion between the Diftances of the 
Zenith, Center and Nadir, from the Center of 
Gravity of the Earth and Moon, than at other 
Times : Thirdly, the Water rifing higher in 
the open Seas, it ruilies to the Shores with 
greater Force, where being flopped, it rifes 
higher ftill ; for it not only rifes at the Shores 
in Proportion to the Height it rifes to in the 
open Seas, but alfo according to the Velocity it 
flotsrs with from thence againft the Shore. The 
Reafon why the Spring Tides, which happen a 
little before the vernal and after the autumnal 
Equinox, viz. in February and October are the 
greateft, is becaufe the Sun is nearer the Earth 
in the Winter than in the Summer, and fo the 
Tides, which otherwife would be the greateft 
at the Equinoxes, are fo, a little before the 
former, and as much after the latter. 

\ 

We have hitherto confidered the Tides in 
general j we muft now fee what happens as to 
Places of different Latitudes. All which will 
be eafily underftood by the help of the 49th 
Figure : In which let AFD reprefent the Earth 
whofe Center is T, the Poles P and O,: this 
the South, the other the* North Pole; EQ^e 
Equator, and the Circles* FH and- KD two 
Parallels of it, the laft on the North Side of it, 
and the firll on the South Side of it. Let the 
Fluid furrounding the Earth, form itfeif into 
an 6blong Spheroid^ whofe longer Axis HK 

produced^ 
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prcxiuced, pafles through the Moon at L. . The 
right Lines TK or TH will reprefcnt the 
greateft Height of the Wiater, reckoning from 
the Center, and fuppofing NM perpendicular 
,to KH, TN or TM will denote the leaft, and 
will reprefent the Height of the Water in all 
Parts of the Globe through w.hich that Circle 
NM paffes. The right Lines TE, TF, TQ 
and TD, fuppofing them drawn, will (hew the 
Height of the Water in the refpeftive Places 
E, F, Q^nd D. Let us now confider a Place, 
which by the. diurnal Motion of the Earthi 
defcribes the Parallel KD : When this Place is 
at K, the Height of the Water TK, is the 
greateft ; that is, it is high Tide or Flood when 
the Moon L is in the Meridian. ; but afterwards 
in the ftmc Place, the Height of the Water is 
the leaft, when the Place is come to X, and 
again it is Flood when the Place is come to D. 
But becaufc TK is greater than TD, in the 
prefent Cafe when the Moon is on the North 
Side the Equator, the Height of the Sea will 
be greater, when the Moon is in that Part of 
the Meridian which is above the Horizon, 
than when it is in that which is below it, 
Likewife TH is greater than TF, and there- 
fore in a Place which lies under the Parallel 
FH, or on the other Side thq Line, the 
greateft Height of Water that happens whea 
the Moon is on that Side, is alfo when (he is 
in that Part of the Meridian that is ab6ve the 
Horizon of that Place. Hence it is, that the 

Moon 
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Moon in the Northern Signs makes the greateft 
Tides on our Side the Line, when ihe is above 
the Earth; and in the Southern Signs when 
fhe is below it. But on Account of that lfbf»- 
tory Motion of the Waters, by which thqr 
thus rife and fall alternately, and which would 
continue feme Time, although the Sun and 
Moon {hould ceafe to adl, the Difference be-* 
tween thofe Tides which happen when the 
Moon is above and below the Horizon, is noc 
fo great as it would otherwiie be; and the 
higheft Spring Tides are not exactly in the 
new and full Moons, but happen generally 
three or four Tides after them, and fometimes 
later : Bccaufe when the Luminaries come to 
z€t more forcibly than ordinarily, as being in 
Conjunflion or Oppoiition, the Waters will 
librate backwards and forwards feverai Times, 
before they arrive at their greateft Height. 

Thbgs would be thus, if the Globe of the 
Earth were wholly covered with Water of a 
fufficient Depth, but the Continents which 
flop the Tide ; the Straights, and the ShoaIne1& 
of the Sea in fome Places, which are Impedi- 
ments to the free Courfe of the Water, caufe 
many Exceptions to what has been laid down ; 
and in particular, that even in the open Ocean 
the Time of high Water is not, when the 
Moon comes to the Meridian, but always ibme 
Hours after it. But to be particular in fuch 
CircumftaiKies is not the Defign of this 
Trcatife. Seo more in PMofopb. TranfaSK 

No. 226. 
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No. 226. However, there is one Thing,. 
which bccaufe I don't find it taken Notice of 
by others, I (hall juft mention; and that is, 
that at both the Summer and Winter Solftices, 
there ought to be but one Tide in 24 Hours 
within tihc arftic and antar<5lic Circles ; to 
{hew this, let KD be the Tropic of Cancer, 
and let the- Sun and Moon be perpendicular 
over a Point of that Tropic, as at L : Then as 
obferved before, there will be an Ebb at N» 
but bccaufe NPK is a quarter of a Circle, N 
will be a Point of the ardtic Circle, and the 
high Water under that Circle will be at A, 
the Point oppofite to N; fo there will be but 
one Flood and one Ebb i« 24 Hours Time : 
And as is obvious enough, the fame will 
happen in all Places within that Circle, except 
at the Pole itfelf, where there is no Tide at 
all. The fame Things will alfo happen at the 
other Solftice, when the Luminaries are in the 
Tropic of Capricorn. And in thofe Parallels 
which lie between the above-mentioned Circles 
and the Equator, each Ebb will be nearer the 
Time of the leflcr Flood, than it will be to 
that of the greater. Thus, in the Parallel KD, 
the Ebbs will be at X, and in the Parallel FH, 
at Y, which Points are nearer to F and D the 
Icffer Heights of the Water, than to H and K 
. the greater ones. The Reafon it does not 
happen exadly in this Manner, at leafl not id 
Point of Degree, is that Rifing and Falling or 
Libfation 0? Waters mentioned above, by 

which 
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which the. Ebbs and Floods of each Place arc 
rendered lefs unequal than they ought, ac-^ 
cording to the Theory, to be. 



CHAP. XX. 

Of the Figures of the Heavenly Bodies. 

WHEREAS the Heavenly Bodies do 
not confift wholly of folid Matter, but 
are in all probability partly fluid and partly 
folid, like our Earth, or at leaft were fo at firft; 
thofe which have no Motion about their Axes, 
if fuch there be, will, from the mutual Gra- 
vity and Attraftion of their Parts among them- 
felves, fettle into a fpherical Form. But as to 
fucb as revolve about their Axes, all their Parts 
will endeavour to receed from the Axis of their 
Motion, and thereby the equatoreal Parts where 
the Motion is the quickeft, will tend lefs to- 
wards the Center than the reft ; their Endea- 
vour to fly off from the Axis about which they 
revolve, taking oflf part of their Tendency that 
Way 5 fo that thofe Parts will become lighter 
than fuch are nearer the Polfes. The polar 
Parts therefore will prefs in towards the Center, 
and raife the equatoreal Parts, till the Quantity, 
of Matter in the latter is fo far increafed, as 
to compenfate for its Lightnefs, and an Equi- 
librium be reftored. On which Account, the 

Form 
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Form they will aflume, will be that of an oblate 
Spheroid, whofe (horter Axis pafFes through the 
Poles. And odier Circumftances remaining the 
fanie, the fader the Bodies revolve, the more 
oblate or flat will their Form be ; accordingly 
the Axis of the Planet Jupiter\ which Planet 
turns round its Axis in lefs than i o Hour$> is^ 
as appears from the Obfervations of Mr. Flam-- 
Jiead and Monf. CaJJiniy no greater with refpe<% 
to the Diameter of its Equator, than in the 
PrOpordott of fevcn to eight 

By Virtue only of the Rotation of the Earth 
about its Axis, the Weight of Bodies at the 
Equator is lefs than at the Poles, in the Pro«- 
portion of 288 to 289 ; that is, a Body which 
at the Poles would weigh 289 Pounds, would» 
if carried to the Equator, lofe by Virtue of the 
centrifugal Force alone, one Pound of its'JVeight, 
and fo weigh but 288 Pounds. From hence 
arifes, as obferved above, a foheroidical Form 
of the Earth, and from that ipheroidical Form 
arifes another Diminution of Gravity at the 
Equator, by which, if the Earth were homo^ 
genious throughout, Bodies at the Equator 
would lofe one Pound in 1 121, and fo on both 
Accounts taken together, the Gravity of BodioB 
at the Poles would be to the fame at the Equa^ 
tor as 230 to 229 («). From whence, it we 

fuppofc 

{n) To calculate this, let us fuppofe the Semidiameter of thf 
Earth to be 1969^539 Paris Feet; which on account of thf 
vaft Diilance on the Surface of the Earth Cajffini took in mea- 

£ e funng 
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faring it. Sir Ifaac Newton makes ufe of. Since then the Earth 
turns roand its Axis in ^3 Hours, c6 Minutes and 4 Seconds, a 
Body at the Equator mores through 1436,223 Feet in a Second : 
But the centrifugal Force of a Body revolving in a Circle is equal 
to the centripetar Force, which would be requifite to retain it in 
that Circle, and the Space a Body would fall through in a 
Second, by Virtue of that centripetal Force, is by Chap. XVIII. 
Lemma i , equal to the Square of the Arch defcnbed in a Second, 
divided by tne' Diameter of the Circle, that is, in the.prefent 
Cafe to ,0523 Feet, or 7,54064 Lines. Now the Space a Body 
falls through at Pmis^ by Virtue of the Gravity there, is 1 5 Feet, 
I Inch ana 2^ Lines, or 2174,055 Lines. Therefore the cen- 
trifugal Force at the Equator is to the Gravity at Parts as 
7,54064 to 2 174,055. But Bodies do not fall at Paris^ by the 
whcde Force of Gravity, or as they would do at the Poles of the 
Earth, becaufe they are in fome Meafure prevented by the cen- 
trifugal Force there. We muft therefore compute how much 
that centrifugal Force is, and add it to their Gravity at Paris, to 
find what it is at the Poles. Which may thus be performed. 

Let EPO in Fig. 50. reprefent the Earth, PP its Poles, EQ^ 
its equatoreal Diameter. Let A reprefent any Point between the 
Equator and the Poles, and parallel to the equatoreal Diameter 
.EQjdraw dhe Line AH, then centripetal and centrifugal Forces 
being equal as pbferved above in Chap. XVIII. and EC and 
AH i>eine Radii of the Circles which the Points E and A de- 
fcribe, while the Earth revolves about its Axis PP, the centri- 
fugal Force at £ will by Prop. 5. of that Chapter be to that at 
A, as the Radius EC, or which is very nearly the fame, as AC, 
to AH. But a Body at A is not thrown off by Virtue of this 
centrifugal Force directly from the Center of the Earth, but 
from H along the Line HA produced. Let then AB reprefent 
that Force, which becaufe it does not tend diredlly from the 
Center, let it be refolved into two others, «wa. BN and AN ; 
the fbnner perpendicular to the Radius, the latter coincident 
therewith : It is by this latter Force only that the Gravity of a 
Body at A is diminiflied. But the centrifugal Force at the 
Equator was fhewn to be to that other Force along the Line 
AB, as AC to AH, and that other is to the Force along AN as 
AB to AN, which becaufe of the fimilar Triangles ABN and 
ACH is alfo as AC to AH, therefore the centripetal Force at 
the Equator is to that at A, fo far as it diminiihes the Gravity of 
bodies' there, as ACi to AH<i; that is, becaufe AH is the Co- 
iine of Latitude of the Place A, as the Square of the Radius to 
the Square of the Co-fine of the Latitude of the Place where 
the Body is. Now the Latitude of Paris is 48 Degrees and 50 

Minutes^ 
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fuppofe the Gravity of Bodies within the Earth 
to be dire<5tly as their Diftancc from the Center^ 
as it was fhewn to be in Part I. Chap. ^, § 8. 
thofe Numbers will alfo exprefs the Relation 
between its polar and equatoreal Diameter {p). 

This 

Minutes, the centrifugal Force therefore at the Equator is to that 
at PariSy as the Square of the Radius to the Square of the Go- 
fine of that Latitude, that is, as 7,540 64 Lines to 5,267. Add ' 
this to 2174,055 the Gravity by Which Bodies defcend at Ptfrw, 
ahd we have 2177,322 for the Gravity they fall with at the 
Poles : Which Number is to 7,540 the centrifugal Force at the 
Equator, as 28^ to i . So that the Gravity at the Poles is to 
the Gravity at the l^quator, fo far a& it is diminifhed in this 
latter Place by the Rotation of the ^arth about its Axis, in the 
Proportion of 289 to. 283^ But this is not all : For it may be 
gathered, from what Sir Ifaw Ntwton has demoni^rated in his. 
Frincipiay Book L Sedl. 13. where he treats of the attractive 
Forces of Bodies not fptierical (though by a tedious and intricate 
Calculation <oo long to be inferted here) that fuppofing the Earth 
to be aa. oblate Spheroid, fuch as we (hall determine by and by» 
and homogeneous throughout, a Body at the Poles even when the 
Earth is at Reft, would be heavier than the fame at the Equator 
in the Proportion of about 1121 to 11 20. Th^ Weight of 4 
Body therefore at the Poles, when the Earth revolves about its 
Axis,, is to the Weight of the fame at the Equator in a Propor- 
tion compounded of 289 to 2881 and 1 121 to 1 120; that is, in 
the Propordon of 230 to 229. 

N,B, A Line is the 12th Part of an Inch. 

(0) To ihew this, call an equatoreal Colunvn extended from 

the Surface to the Center, r ; and a polar Column, x ; and call 

the Force of Gravity at the Equator, p : then from what was juft 

obferved in the foregoing Note, fuppofing the Earth to be at 

Reft, the Force of Gravity at the Pdes will be » becaufe 

' 1 1 20 

as\.zo: i... : :^: il^:and bccaufe theGravityof aCo- 

lumn if it be equally heavy in all Parts, is equal to the Force 
of Gravity multiplied by the Contents of the Column, the 
. Weight of an equatoreal Column of Matter, if as Jieavy in sdl 
Parts as at the Surface, would, fuppofing the Earth to be at Reft, 
be equal top multiplied by r, that is, fri and the Gravity of a 

£ e 2 poU 
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This is upon a Suppofidon that the Eatth was 
at firft fluid, or a Chaos, having its folid aa4 
fluid Parts confufedly mixed together ; but if 
we fuppofe it at firft partly fluid and partly 
dry, as it now is, flnce w^ find that the Land 

I \2\tX 

polar Colqmn would for the fame Reaibn ht ■ ■ ; bnt where- 
as if wc fuppofe the Force of Attraftion wr^y as the S^^y^ven 
of die Diftances, the Gravity of Bodies within the EarA will 
decreafe as we go to the Coiter, Part I. Chap. %. { 8. where 
it tenfeioates in nothing the Weights of the above mentioned 
Colnmot decreafi}^ luuforsily therewith* wiQ be bnt half what 

pr tizifx 

we ma^ie them })efi)re» that Is, — and 3-. Call the centric 

'^ e 1120X2 

fogal Force at the Equator, n ; then fince die oentii^igal Force 

decreafes alfo ns we amiroadi the Ceniery and there Cerminiues 

in Nothing* the centntngal Force «rf a whole Column of Matter 

ftr tit 

will be —. Take this away from ^, the Weight of that Co^ 

himn when the Earth is at Reft^ and the remanider — — — w9l 

2 2 

be the Waight of the fiMse wh^ it moves. But to prefenre an 

\\%\px 

Equilibrium of Part9> this Weieht muft be equal to ■ ■■ ■* ^ 
^* * N ^ ii20X:( 

which was (hewn to be the Weight of a Cdsmn at tl&e Poles* 

,. ^ . t^ «r ii2iAir 

Which Mvcs us this Equation — ' -« *» ■■■■ ■ ■ ■ 

^ ^22 1120X2 

JWoItipfynig by 2, we hare /r — ar »b -- — ^ 

Mgdpjyiog ly 1.20, wel ,^^__,^^^^,,^,^ 

Which giv^s |is this Equation r\x\\ \M\f\\\ zop — 1 1 zour^ 
But as was determined in the > 

foregoing Note, p is ton / 

:a9 2«9 «p r. ^^9^^\^^^ 

therefore thofe Numbers /^ • •* ' ' ^P • «*9' 

for p and fly in the laflV 

Step, we Ihall have j 
That is, the equatoreal Semidiameter is to tbe polar one^ at 
' tyy : 229, Which was to be ^^cwn* 

, 1* 
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it v^ nearly of the Uxx» F^i^re wUh ^ Siea, 
eaGpq>t raifed a Htde to preiront it^ l^ing over-- 
jftowed) the JSarth muft ftill be of th^ fame 
FcMrm } for othcrrwUe (Jbff nugor Part gf the 
Water woul^ flow towards th^ Equator, and 
jprnd itfelf tike an laundaftion over all the 
Caod in tjiofe PartSi. 

The fpheroidical Figure pf the Earth Is 
gi^eatly ooofinned by Ob&rvatipos made with 
Pendulum Clocks, at different Diftances from 
the Equator. Firft of all Monf. Richer in die 
Year 1 672, "when at the Ilbnd Cayenne, found 
that his Clock, which at PuriSy kept true Time, 
pow }pft 2 Minutes and 28 SecQnds every D^y. 
Pr. HaMiy going to die Ifland St. Helena in the 
Year 1677, was obliged to (horteji the Pendu- 
lum of his Clock one eighth Part of an Inch. 
With many others, all which compared to- 
gether make it appear that a Pendulum at tk(p 
Squator that fwings Seconds, ought to be about 
one fixth Part of an Inch ihorter than at Paris; 
firom whence it appears that the Difference be- 
tween Ae Gravity at the Poles and at the 
Equator, is alm<^ twice as great as what arifq^ 
from the Rotation of the Earth abourits Axis, 
and its fpheroidical Form put tggether (p). 
And therefore die Difference between the equa^ 
loreal and po^r Diameter mufl be fo too. 

From 

(f) For die LeMjlli of a Ptindolom, fvindng Seconds is pro- 
poitioaaUe to die Space a Body woakl fall trough in a Second ; 
as bemg eqnal to an ei^th Part of that Space, Part I. Ckap. 6. 
HProp. to. And die Space a Body would fall through in a Be- 
^nd, is proportionable to the Force by which it falls i confe- 

quently 
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From hence it is probable, that the Parts of 
the Earth which lie near the Center, may be 
denfer than fuch as Ke nearer the Surface. For 
on tins Suppofition, and not otherwife^ is' it ac-^ 
countable, that the Gravity at the Equator 
difcoverable by Penduhims, and that which 
arifes from the above-mentioned Caufes, ihouki 
be fo different {(j). - • 

qaendy the Length of a PendalQin fwinging SecoiKh under the 
, Equator oa^t to be to die Length of one that Ihall (wing Se- 
conds under* the Pole, as the Gravities in thofe Places are ta 
each other: That is, as 229 to 230. The Length of a Pen- 
<kiliun therefore under die Equator, being 43 Sj- Lines, (as being 
two Lines^ftorter than ene at P«f7j, which b 3 Foot 8 1 'Lines) 
the Length of one at the Poles (hould be 440,4 Lines ; that is, 
it ought to be but 1,9 Line h>nger than the former. Wheripas 
k is found by the ObferTadons above-mcntianed, that the XK^ 
ference between a Pendulum in the Latitude of Faris^ and one 
■ader the Equator, is as much as that, or rather more; and 
coitfequently the Difference between one at the Equator and one 
at the Poles- would be almoft twice as much; there- being^ almoft 
as much Difference between a Pendulum at the Poles and at 
HbvV, as^ between one at Paris and the Eqnalbr : And confer 
quently the DiipinotioB of Gravity is almpft tw;ice as moch as 
that which arifes from the Rotation of the Earth about ils Azis^ 
and its fpheroidical Forih put together. 

(^) If the Earth be more denfe at the Center than near die 
Surface, we may coniider that Redundancy of, Matter near the 
Center over and above what'there would be there, was the Eartk 
of uniform Denfity, apart, akd as a ieparate Body from the reft^ 
then upon Account of the fpheroidical Form of thcTEAfth, a Body 
at the Poles is nearer to this redundant Matter than at the Equa- 
tor, therefore in removing a Body from the Poles to thb Equator, 
ita Gravity fo far as it depends on the Attta^on of shis redun- 
dant Matter, that is, that. Pan of its Gravity which is owing to 
diat Attraction, is diminiiBed : The whole Gravity of the Body 
u lefs therefore at the Equator than at the Poles. As therefore 
the Pendulum difooven a^ greater Difference qf Gravity than 
arifes from the'Rotation of tl^e Earth about its Ajos, aind the 
fyheroidical.Form of it coniidered as homogeneous, put together, 
it is very probable that the Earth is more denfe at the Center 
than at the Surface. 

So 
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So that upon the whole, Bodies are lighter 
at the Equator than at the Poles, on , a three- 
fold Account. Firft, by the centrifugal Force 
there, in the Proportion of 289 to 288-: Se- 
condly, on Account of the fpheroidical FcMtn 
of the Earth, or its Flatnefs at the Poles, in 
the Proportion of 112 1 to 11 20; and kftly 
on Account of the greater Denfity of the 
Earth at the Centerj but in a Proportion not 
yet fufficiently determined, for want of know- 
ing the exad Length of a Pendulum that 
fwings Seconds at the Poles. 

The greater warmth of the Air near the 
Equator, increafes the Length of a Pendulum 
by Rarefaftion, on which Account alone, it 
would be neceffary to fhorten it at the Equator; 
but diis, as may be gathered from the Obfer- 
vations of Pitcairfi and De La Hire, cannot be 
between this Latitude and the Equator above 
one fortieth part of an Inch j for as De la Birt 
' obferved, there was but two third Parts of a 
Line Difference between an Iron Rod fix Feet 
long, expofed to^ the Froft and the Summer's 
Sun. Befides, this is allowed for above, in 
faying that a Pendulum ought to be fhortcned 
but one fixth Part of an Inch. 

It follows from hence, that the Tendency of 
heavy Bodies upon the Surface of the Earth, 
except at the Equator and the Poles, is not 
towards the Center of the Earth, but towards 
a Point between that and the Equator. Thus, 

let 
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let EPQJn Fig. 50. reprcfcnt tbc Earth, PP 
its Poles, EQ^its equatoreal Diameter. Tlie 
Tendency of a Bocfy as A, upon the Surface 
of the Earth, between E and P, will not be 
towards C, but along the Line AD which 
crofies the equatoreal Diameter in a Point 
nearer the Body than the Pdnt C is (r). 

Another Confequence of the fperotdical 
Form of the Earth is, that as you go firofin the 
polar Parts to the Equatoreal, the Degrees upon 
the Surface of the Earth grow lefi and lefs 1 

(f) TodetemunetkcPoiiitD, fayasECtttoAH; Aatia, as 
file Ra^os is to the Co-fine of the ABgie of the Latkvde of the 
Place Ay fo is the ceotrtfugal Force at E» to a fonrth Nttmber, 
whidi win exprefs the temrifugal Force at A in die Direction 
Afi. Piodnce therefore the line HA to B» till AB btt of fach 
Length* that it may bear the fame Proportion to AC» that the 
Qaantity laH found has to Gravity upon the Surface of the Earth. 
Compleat die Parallelogram ABCD, mtd £) will be the Point 
fought, and die Tendency of an heavy Body will be along the 
Line AD. Thus fappo& it required to find the Direction in 
which heavy Bodies tend towards th6 Ealth in at the Ladtude of 
p Dtgic^ and 46 Mimites. Since the centrifbgal Force at the 
Equator, as (hewn above, bears that Prrnxutton to-the Force of 
Gravity, which i does to 2S9, let us take tliofe Numbei^ (or 
which will do as well, any o^r two that are prOpordonable to 
them) the former to exprefs the centrifiunl Force of a Body at 
the Equator, and the latter the Force of Gravity. Then fay, as 
the Radius is to the Confine of 51 De|rees 46 Minutes, fo is i to 
a fourth Number, which >vill be found ,618. This Quantity is 
therefore to Gravity as ,6 1 8 to 289. Therefore AB or its equal 
CD is to AC in that Proportion. But the Proportion betweea 
CD and AC being known, and the Angle * C the Ladtude of 
the Place» v'ss. 5 1 Decrees 46 Minutes being ^ven, the Angle 
CAD will be found about 5 Minutes, which is the Meafure of 
the Deviation of the Line of Dire6lion of he^vy Bodies in that 
\ Latitude, from a Line drawn to theCenter of the £tuth« 

that 
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iSiM IS) a Degree meafured upon the Meridian 
xiear the Pedes, contains more Miles than the 
&sne meafured near the Equator. The Reafoo 
of this 1^ di^, as appears by Infpedion of th« 
F^ure, an Arch near the Pdtes comes nearer 
toa ftraigbt Line> that is, it is leis curved than 
one near the Equator '; the former is therefore 
an Arch of a largo? Circle than the latter; but 
the larger the Circle, the larger are the Der 
grees meafiired npon its Circumference. For 
in going from P • towards E, we are not to 
imagine ourfelvcs upon, the Circumference of 
a Circle whofe Center is C, but to pafs conti- 
nually from one Arch to another, which 
Arches are Portions of different Circles, the 
Centers of which approach, ;as the Arches 
themfelves become more curved. 

As the Waters of the Earth by Virtue of 
the Attra(flion of the Moon, and the Revolu* 
tion of the Earth about the common Center of 
Gravity of that and &e Moon, were ihewn 
in Chapter the laft, to put on the Form of an 
oblong Spheroid, whofe Axis produced pafles 
through the Moon ; fo in like manner, if we 
confider the Moon as we have now done the 
Earth, we fhall find, that as fhe turns round 
her Axis in the fame Time ihe turns ro^nd the 
Earth, and therefore has nearly the fame Side 
always towards the Earth, her Figure is that 
of an oblong Spheroid, whofe longer Axis 
points to the Earth; thofe Parts which lie next 

Ff the 
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the Earth being attraded too much, and alia 
having too finaU a centrifugal Force ; and thofe 
on the contrary which lie on the oppoiite Side 
of her being attraded too little, and having a 
centrifugal Force too great; which for the 
Reafons given in the above-mentioned Chapter, 
will necefTarily give her that Form. 

Her Revoladon* about her Axis would, as 
in the Earth, give her a contrary Figure, but 
it i3 fp very flow, that it is without any fea* 
iibleEffeft. 
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Appbaeanci of Bodies feen 
through Media of different 
Forms. P. III. p. 72—8^. 

-i^Of Bodies feen by Light 
reflected from plain -and 
fpberical Surfaces. P. III. 

p. 118 — 133. 

Arctic Poles, what; Cir- 
cles, what, P. IV. p. 135. 

A&EAS, defer ibed by revolv- 
ing Bodies proportionable to 
the Times. P. I. p. 46. 

Ascii, what. P. IV. p. 136. 

Ascension, Circles of it, 
what. P. IV. p. 133. 
Right Afcenfion, what. P. 
IV. p. 132. 

Oblique Afcenfion, what. 
P. IV. p. 143. 

Ascensional DHFerence, 
what. P. IV. p. 143. 

Ascent of Fluids in Capilla- 
ry Tubes. P. II. p. 57—72. 

—-Of Vapours, not fufficicnt- 
\y accounted for. Various 
Opinions concerning them 
examined and confuted. P« 
II. p. 130. 

Atmosphere, what. P. II. 

* Its Height. P. II. p. 39. 
That its Height may be de- 
termined by the Duration 
of the Twilight, an erro- 
neous Opinion. P. IV. p. 
121. in the Notes. 
Without it all Parts of the 
Heavens, even in Spite of 
Sunfhine, would be quite 
dark. P. IV. p. 120. 
The heavenly Bodies appear 
elevated by the Refradion 
of it. R. III. p. 75, and 
P. IV. p. 117. 



Attraction, diftin|iii{h'd 
. into Cohefion and Gravi- 
tation s each Kind proved . 
from Fa£l$ } its Laws and 
Manner of Aftion. P. I. 
p. 12 — 18. 

Arguments to fliew, that 
the Planets are retained in 
their Orbitf thereby. P. IV. 
p. 247. 

Demonftrated not to be a 
mechanical Caufe* Preface^ 
Nktib. 
Aurora Borralis, a full 
Account of that remarkable 
one, which was feen March 
6, 17 1 5 ; the general Phae- 
nomena of it $ a Solution 
of each Phaenomenon of it ; 
C$te\ Hallefsj Mairan\ 
Afivi^r's Solutions of k. No- 
tice taken of it by PHny^ 
Senega and Arijiotle. P. II. 
p. 147— 169. 

AU&UM FULMINANS, its 

Compofition and £ffe&. 
P. II. p. 145. in the Notts. 

The Ai7thor, his Barome- 
ter, in which the Scale of 
Variation is infinite. P. II. 
p. 105. Another of the 
Author's, in which the 
Scale is alfo infinite. P, It. 
p. no. 

Axis of the Earth, what. 
P. IV. p. 130. 
The Inclination of the Axis 
of the Sun, and of fome of 
the Planets to the Plane of 
the Ecliptic. P. IV. p. 164. 
in the Notes. \ 

Situation of the Moon's 
Axis. P. lY. p. 19. 

—Of 
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»*»Of the Earth, not always 
pardid to itfelf. P. IV. 

P-53- 
Azimuth, what, P. IV. 

p. 138. 
^.^^f a Star, what. P. IV. 

p. 140. 

B. 
T> Arom£ter, its Cofiftruc- 
.•*^ tion, P. IV. p. 34. 
Linus, his Hypotbefu about 
it. P. II. p. 86. 
Hugens^ his Experiment 
with a Tube 75 Inches 
long. P. II. p. 87. 
Its Ufe in determining the 
Height of Mountains, P. 
11. p. 88. 

Its Ufe in foretelling the 
Akerafion of the Weather. 
P. II. p. 88. 

The Reafen of ies being 
low in windy Weather. P. 
II .p. 9a. 

Leibnitz's Hypocfaefis con- 
futed. P. II. p. 95. 
Patrics Obfenrations on 
the Rifing and Falling of it. 
comniended. P. II. p. 96. 
Dn CarUs, his Barometer, 
P. il. p. 100. 
Horizontal or vcdangtilar 
Barometer. P. II« p. 10 1. 
^ Diagonal Barometer. P. II. 

^ Rooffs Wheel Barometer. 

. P. II. p. 102. 

Hook's Marine Barometer. 
P. IL p. 103. 
The Author's Barometer, 
in which the Scale of Va- 
riation is infinite. P. II. 
p. 105. 
Anocher of the Author's, in 



which the^ Scale of Varia- 
tion is alfo infinite. P. II. 
p. no. 

Portable BaroHieter. P. \U 
p. 113. 

Blackn£«s, the Abfence of 
all Colour. P. III. p. 143. 

Bod Y,'itsefiential Properties. 
P. I. p. 7. 

TbeQualifications in Bodies 
neceflary to dtfpdfe them to 
refled Rays of difi^erent Co- 
lours. P. III. p- 174. 
Sir Ifaac Netvtpn^B Conjee- 
tiTre about its conftituent 
Particles. P. III. p. 153. 
Cauies c/ its Opacity and 
Tranfparency. P. III. p. 
154^ 

Lighter at the Equator of 
the Earth than at the Poles, 
oil a threefold Account. P. 
IV. p. 281- ' 

Df. BOERHAA^E, his No^ 

tiofi of Fermentation. P. 
II. p. 175. 

BreCzes from the Sea in 
warm Weather, accounted 
for. P. II. p. 128. 
C. 

OAiiNDAR, Julius Ca^ 

. far's Reformation of it. 
P. IV. p. 186. 
PopeGr0g9ryj his Alteration 
of it. P. IV. p. 190. 

Canc £R, Tropic of it, what. 
P. IV. p* 13s. 

Capillary Tubes, what; 
their Phasnomena (hewn to 
be owing to the Attra6tion 
ofCohefion; theAbfurdity 
of a Fluid being made to 
circulate by Virtue of a 
O o a Capillary 
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Capillary Tube* P. 11. p. 

57—71- 
Capricorn, Tropic of it, 

what. P, IV. p. 135. 

Cardinal Points, what. P. 
IV. p. 139. 

Des Cartes, his Opinion 
of the Horizontal Moon. 
P. III. p. 87. 

Cartesian Notion of Va- 
pours confuted. P. II. p. 

130. 

Motion of Light confuted. 
P. III. p. 8. 
Center of Gravity, what. 

P. I. p. 59. 
—Of Magnitude, what. P. I. 

p. 59« 
—Of Motion, what. P. 1. 

p. 59. 

—Of OfciMation, what. P. I. 
p. 33. How determined. 
Jppendix to Part L 

—Of Percui&on, what, and 
how determined. Jtffendix 
to Part I. 

Centripetal and Centri- 
fugal Forces, their Nature 
explained. P. I. p. 43. 
The EfFcfts of them largely 
fet forth and damonftrated. 
P. IV. p. 203. to the end. 

Circle, great ; lefs; paral- 
kl I the Poles of it ; Axis 
of it- 5 Secondary of it j 
fixed ; moveable ; of Af- 
ceniion and Declination ; 
Hour Circle; tropic and 
polar Circles ; zrStic and 
antarftic ; vertical ; of per- 
petual Apparition, and per- 
petual Occultation. P. IV. 
p. 125—146. 
The exafl: Adjuftment bc- 



E 

• tween a projeAile and cen- 
tral Force, neceflary that a 
revolving Body ihopld be 
retained therein. P. IV. p. 
210. 

Climates, what. P. IV. 
p. 144. 

Cohesion, Attraction of it. 
what. P. I. p. 12. 
The Proof and Laws of it. 
P. I, p. 13. 

Not a mechanical Caufe. 
Prefqce^ Note h. 

Colours, the Caufe of the 
Variety of. them. P. III. 
p. 141. 

TheQualifications in Bodies 
which difpofe them to re- 
fled Rays of different Co- 
lours. P.m. p. 1 47 — 153. 

Comets, their Nature and 
Motion; the Opinion of 
the Ancients concerning 
them ; their apparent Mo- 
tions accounted for ; the 
Form of their Tails ; Sir 
Ifaac Newton's Opinion 
concerning their Taib \ a 
Conjedure of the Amhor*s 
concerning them; the Me- 
thod of inveftigating their 
apparent Courfes. P. IV. 
p. 98— 1 12. 

The Form and Pofition of 
their Orbits. P. IV. p. 22. 

Communication of Mo- 
tion in Bodies, not elaftic. 
P. I. p. 50. 
In Bodies elaftic. P. I* 

P- 53- 
Compass, the Points of it, 

what. P, IV. p. 139. 

Conjunction inferior and 

fuperior. 
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fuperior, what. P. IV. 
p. 58. 

CoNSE<y7ENTI A, MotlOtl in 

it, what. P. IV. p. 56. 



Degree, the Ninetieth, 
what. P. IV. p. 140. ' 
At the Poles larger than at 
thcEquator. P. IV. p. 282. 



Constellations, what. I DEPRESsiONofa Star, what 



P. IV. p. 27. 

tiave forfaken their former 

Places. P. IV. p. 56. 

CoPERNiCAN Syftem de- 
fcribcd. P. IV. p. 12. De- 
fended. P. IV. p. 22. in 
the Notes. 

CopEfLNicus, his Prophecy 
concerning the Phafes of 
f^enus. P* IV. p. 65. in the 
Notes. 

Cosmic ALRifingand Setting 
of the Stars. P. IV. p. 145. 

Cotes, his Solution of the 



• I5». 

Crepusculum, or Twi- 
light, accounted for. P. 
IV. p. i2r. 

That the Height of the 
Atmofphere may be- deter- 
mined by it, an erroneous 
Notion. P.. IV, p. 121. i« 

• the- Notes, 
Chronology, the Elements 

of it. P. IV. pi 178 — 202. 
Culmination of a Star, 

what. P. IV. p. 139^ 
Cycles, the feveral Sorts of 
V them. P. IV. p. 193. 

D. 
T^Ays and Nights, their 
-^ Variety in Point of 

length accounted for. P. 

IV. p. 37. 
—Of the Week, whence their 
. Names. P. IV. p. 184., 
Peclinatjon, wbai. . P. 



P. IV. p. 139. 
Des Cartes, his Barome- 
ter. P. II. p. 100. 

Dr. Desagulier^, his Opi« 
nion concerning the For- 
mation and Afcent of Va- 
pour, examined. P.II. p. 1 33. 

Descent of Bodies on db- 
Jique Planes. P. I. p. 28. 

Dew, the Colours of the 
Rainbow feen in it. P. III. 
p. 208. 

Diagonal Barometer, de- 
&ribed. P. II. p. loi. 



Aurora Borealis. P.II. p. Diameters of the Sun and 



primary Planets. P. IV. 
p. 14. 

Difference, afcentionali^ 
what. P. IV. p. 143. 

DiisTANCE of an Objcft, 
how judged of by the Eye. 
P. lU. p. 70. 

— r-Of the Sun and primary 
Planets. P. IV. p. 14. 

-r— Of the Moon from the 
Earth. P. IV. p. 19. 

— Of the Satellites .of Jupiter 
znA Saturn from their Cen^ 
ters, P. IV. p. 19, 

DivisiBiLitY of Matter, 
tbe Meaning of its Infinity 
explained ; its Infinity de- 
monftrated ; . how far Mat- 
ter is adually divifible, con* 
fidered. P. I. p. 7—9, 

DiyRNAL Motion of the 
heavenly Bodies, accounted 
for. P. IV, p, 33. 

O O 3 PpCT^fNIt 
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DbCTKiKE 0f the Sfd^erCy 
treated of. P. IV. p. 123— 
146. 

Dominical or Sunday Let- 
ter, on what its Altera- 
tion is founded* P. IV. 



Dragon's Head aitd Tail, 
what. P. IV. p. 76. 
E. 
P^Arth, its Axis, what ; 
its Poles, what, P, IV. 
p. 130. 
The Pol&bility of its being 
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Echo,. theNlNre of it ex- 
plained. P. II. p. 52r 

EctiPsfti of the Sun and 
Moon, with their ieveral 
Ciccuqiftances, accounted 
for. P. IV, p. 86— 93- 

— Oi Jupiter and Saturn's Sa- 
tellites. P. IV. p. 93. 

Ecliptic, what. P. IVj, 
p. 36 and 127 ; its Axis, 
what ; its Pol^, what ; its 
Secondaries, wbat$ Signs 
of h, what. P. IV. p. 127 
and 128. 






inhabited quite round. P. I Elasticity of the Air. 
IV. p. 9, P. II. p. 36. 

ItsDiameter;Diftancefrom ELictkiciTT, the Proper-* 



the Sun ; its periodical Time 
andRotationabout itsAxis. 
P. IV. p. 14. intbeN9t0S. 
Its annual Parallaxt what. 
P. IV. p. 56. 

ItsAxis not always paraUel 
to itfelf. P. IV. p. 53. 
The Method of meafuring 
its Circumference. P. IV. 
p. 140. in the Notes. 
Its Form that of an oblate 
Spheroid, P. IV. .p. 274. 
Its fpheroidical Figvrecofi* 
firmed by Pendulums. P. 
IV. p. 279. 

That ft is more denft at the 
Center than at the Surfee, 
pro^ble. P. IV. p. 280. 
Bodies lighter at the Equa- 
tor of it than at the Pole on 
a threefold Accotmt. P. IV. 
p. 281. 

£asT£x, the Rule for finding 
it explained. P. IV. p. 197. 

EiKBiNG and Flowiiig of the 
Sea, accounted for* P, IV. 

^ 266. 



ties of it. P.I. p. 18. 
Elevation of the Pole^ 

what. P. IV. p. 140, 
Ellipsis, defcribed. P. IV. 

p. 17. in the Notes. 
Elongation, what. P. IV. 

p. 65. 
Epoch, what. P. IV. p. 

200. 
E<^ ATioNof a Planet, what. 

P. IV. p. 49. 
Equator, what* P. IV. 

p. iy>. 

E^tyiNOCTlAL, wh^t. P. 

IV. p. 132. 

— Points,, what. P.. IV. p. 
52 and 132. ' 

—Points^ . theiu Procefflpn, 
what. P. IV. p. 52. 

-*-Pt>int9, their ProcdBioii ac- 
counted for. P. IV. p. 265^. 

--^Colure,wJ3at. P. IV. p. 46. 

Essential Propertiesi of 
Body. P. I. p. 7, 

ExcBNTRiciTT, what. P. 
IV» p» 17. intbeNites. 

z ^Ot 
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^Ot tht Moon's Oibix. P, 
IV. p. 19. in thiNoUs. 
How §reat in ihe Orbit of 
each {>rimary Plan^. P. IV. 
p. ^8. in the Nitei, 

Extension, a Property of 
Body. P. I. p. 7» 

Evfi, the Defcriptioli of it. 
P. III. P..53— 55. 
Why blind with Refpeft to 
Obje£b placed before it in 
a certain Point. P. III. 
p. 69. 

F. 

pl^ALttt^O Bodies, their 

^ Phaenomena accounted for. 
P. I. p. a4. 

FERMfeNTATlotff, from 
whemce it arifes ; the Opi- 
nions oi.Friendy Keili and 
Botrhdmfe about it; .the 
Manner- in which it \% to 
be accounted for. P. IL p. 

Fig u r E€ of the heavenly Bo- 
dies. P. IV. p. 274. 

Fits of >afy Reflexion and 
Tranfmiffion, not tbeCaufc 
of tlte Re&edfon of Light. 
P. III. p. 163. 

Flames, why vomited up by 
hurniiig Mountains. P. II. 
p. 144. 

FLoRENT^Ne Experiment. 

. P. I. p. 7 . ih tbt N^us. 

Fluidity, the Nature of It. 
P. II. p. 4, 

Fluids, how they aft upon 
each other by their Preflure ; 
how upon Solids. P. II. 

P* 7— 3** \ 

Their ReftRanoe, P. II; 

p. 41. 



The A-bfurdity of their bcinjj 
made to circulate by means 
of a Capillary Tube, P.IV^ 
p. 71. in the Notei^ 

FoRCCsneceflary to retain re-f 
volving Bodies in circular 
and other Orbits. P. IV,. 
p. 103. 

FOUNTAINS, their Origin^ 

^^Jrijiotk's^ Des Cartes^ 
Varenius's^ Marl^iot% and 
Hatley*s Opinion of theni« 
P. II. p. 73—76, 
Their Reciprocation ac- 
counted for. P. II. p. 81. 

Frigid Zone, what. P,IV, 

P- 136- 

- G. 

O AssRNDUs, his Opinion 

^^ of the Horizontal Moon, 
P. III. p. 87. 

Geocentric Latitude,, 
what. P. IV, p. 62. 

Globes, their Defcription 
and Ufe. P, IV. p. 147. 
Problems on them. P. IV. 
Pi 161—178. 

Golden Number, what. P. 
IV. p. I97. 

Gravitation of Matter, 
its Laws and Manner of 
ading, the Senfe in which 
the Word is ufed in Phiio- 
fophy, P. I. p. 12 — 17, 
Demonflrated not to be a 
mechanical Caufe. Preface^ 
Note b. 

Gravity, fpccific, what. 
P. II. p. 17. 

Gregory (Pope) his Refor- 
mation of the Calendar. P* 
IV. p. 190^ 
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H. 



FrAiCf theCiufeof it, P.* 
^ II. p. 141 



Pr. H ALLEY, his Hiftory of 

the Winds. P, II, p, i x6. 

in thi Notes. 

|iis Solution of the Aurora 

Borealis, P. II. p. i6o. 
Hardness in Bodies, the 

Pegr/ees of it accounted for. 

P. I. p. 14. 
JSarvest Moon, accounted 

for by the Globe. P, IV. 

p. j68, 
IIeat of the Sun, why not 

f he greateft when the Sun is 

moft elevated. P. IV. Pf 51. 
]El£AvBNLY Bodies, thephy- 

^cal Caufe of their Motions. 

P, IV. p. 203T-274, 

Their Figures, P, IV^ p. 

^74- 
I^E A y £ Ns, the Poles of tbem, 

what. P. ly. p. 130. 

JFfEAvy Bodies, their Ten- 
dency pot towards the 
Center of thp Earth, ex- 

' cept ^t the Equator and the 
Poles. Pviy. p. ?8f, 

^£|.iAGAL Rifing and Set- 
ting pf thp Star^.. P. IV. 

|]£LIOC£NTRIG LatUudc, 

what. p. IV. p. 62. 
Hemispheres, northern 
^nd fouthcjrn, ^hat, P. IV. 

P' 132. 
P^RM^TicAtLY fealed, 

whaf. P. If. p. JOG. iH 

the Notes. 
PpTErosci?, vbiit. P. IV, 

P- 13.6. 
pr. Hook's marine Barome- 

. fcr (JefcfiMr P-WfP-^P^r 
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Horizon, fenfibleand ratio- 
pal, what. P. IV. p. 138. 

Horizontal Qarometer de« 
fcribed* P. II. p. loi. 

— Moon, Des Cartes\ Gaf- 
/endus\ Hobb% De Veil 1, 
and ffallis's Opinion of 
it ; the Author'sThoughts 
concerning it. P. III. p. 
86—95. 

Hour Circles, what. P. IV. 

P- 134- 
HuG£NS, bis Experipient of 

filling a Tube 75 Inches 

long with Mercury. P. II. 

P-87- 

A remarkable, lucid Spot, 

difcoverpd in the Heavep 

bv him^ P, IV. p. 29. in 

the Notes. 
Hyprostaticai. B^ance, 

its Ufip. p. II. p. 32. in 

thfi Notes f 
Hydrostatics, the Intent 

pfit, P,II. p. IV. 

I, 



TMa Apsis, wbjt. P. IV. 
p. 49. 

Imagp, why three or more 
appear, wbep a fingle Ob« 
ied is viewed in a cpmrnon 
poking Glafs^ P. III. p. 
120. in the Notes. 

Impact, that Light is not 
refte^ed by it. f. III. p. 

Inactivity, aPropertyof 
Matter. P. I. p., 7. 

Incidence, that the Sine of 
thp Anglp of Incidence bears 
a conftant Ratio to the Sine 
of the Angle of Rjeffa^ionf 
P. IJI. p, 14. 
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The Sine of the Angle of 
Incidence equal to the Sine 
of the Angle of Reflexion. 
P. III. p. 99. 

Inclin AT ION of the Axis of 
the Sun, and of the Axes 
of fome of the Planets to 
the Plane of the Ecliptic. 
P. IV. p. 16. in the Notts. 

— «0.f the Orbit of each pri- 
mary Planet to the Plane of 
the Ecliptic. P. IV. p. 18. 
in the Notes. 

—Of the Moon's Orbit to the 
Plane of the Ecliptic. P. IV. 
p. 19. in the Notes. 

-—Of Saturn'^ Ring. P. IV. 
p. %i> 

.^Of the Orbits of Jupiters 
and Saturn's Satellites.^ P. 
IV, p. 21. in the Notes, 

r— Of the Orbits of the Co- 
mets. P. IV. p. 22. 

Inclimbd Planej the Falling 
of Bodies down it confider'd. 
P, I. p. 72* 

Inferior Conjundion, 
what. P. IV. p. 58. 

Infinity of the Diviiibility 
of Matter explained and de- 
monftrated.. P. I. p. 8. 

Sir Isaac Newton^ his 
Conje^ure aboUt the Size 
pf the cphflituent Particles 
of Bodies. P. IIL P-153. 

<r-I{is Fits of eafy Reflexion 
andTranfmi^n, examin'd. 
P. III. p. 163. 

*— His Opinion concerning the 
Tails of the Comets, C3fa- 
njined, P. IV. p. 102. 

Julian Period, what, P. 
IV. p. 199. 

J\JhfV^ ^j^s/^R^ Ws Refor- 



mation of the Calendar. P« 
IV. p. 186. ' 

Jupiter, its Diameter, Di- 
ftance from the Sun, Perio- 
dical Time and Rotation ' 
about its Axis. P. IV. p. 
14. in the Notes ^ 
The Situation of its Axis. 
P* IV. p. 16. in the Notes. • 
The Excentricity and In- 
clination of its Orbit. P. 
IV. p. 18. /« the Notes. 
The periodical* Times and 
Diftances of its Moons. P. 
IV. p. 19. in the Notes. 
Its apparent Motion ac- 
counted for. P. IV. p. 66. 
The Method of computing 
its Diftance from the Suxu 
P. IV. p. 70. in the Notes. 
The apparent Motion, 
Eclipfes and Occultations 
of its Satellites. P. IV. p. 
93—96. 

The Method of determining 
by the Eclipfes of its Satel- 
lites, the Parallax of the 

' Earth's Orbit, the fucceffive 
Propagation of Light, and 
the Longitude of Places. P, 
IV. p. 96. in the Notes. 
K. 

j7"EitL, his Notion of Fer- 

•*^ mentation, oonfidered. 
P. II. p. 170. 

••^His Determination of the 
Height of the Earth's At- 
mpfphere, from the Dura« 
tion of the Twilight, fbewn 
to be erroneous. P. IV. p. 
121. in the Nota. 

Kepler, his Senfe of the 
Poetic^ Riftng and Setting 

of 



INDEX. 



oftheSurs. P.IV. p. 145. 

in tbi Notes. 
L. 
T Atitudk, heliooentric 
"^ and geocentric, what. 

P. IV. p, 62. 
•-Of a Phce on the Earth, 

what. P. iV. p. 133. 
—Of a Star, what.. P. IV. 

Parallels of Latitude, what. 
P. IV. p. 128. 

Laws of Motion. P.I. p. 20. 

LsriNiTS, his Hypothefis 
concerning the Caule of the 
Defeent of the Mercary in 
the Barometer, confuted. 
P. II. p. 95. 

XrENSis, the iievera] Sorts of 
them ; the Manner in which 
Rays are afFeded in paifing 
through thenu P. IIL p. 

44.— 5^* 

Why the convex ones arc 

ttfed by old People, and the 

concave ones by Young« P. 

IIL p. 84. 

Ltv BR, its Properties. P.I. 
p. 20* 

LiORT, the Emiffion of it 
from luminous Bodies not 
fufficiently accounted for ; 
the Idea of it, how excited ; 
how propagated. P. III. 
p. 4. 

Its Velocity, how com- 
puted, p. IIL p. 6. but 
moredeterminately, P. IV. 
p. 96. in the Notes. 
The furprizing Finenel^ of 
its Particles. P. III. p. 6. 
Decreafes as the Square of 
the Diftance from the lu- 



minous Body, increafis. P. 

III. p. 7. 

Dos Cartos*B Notion of it, 
confuted. P. III. p. 8» 
The Refra6tion of it, ac« 
counted kit. P. III. p. 9. 
The Law of its Refra^ion 
demonftraned. P. III. p. 14. 
Its Refra&ioA in p«&ng 
through plain and fpherical 
Surfaces, confidered. P. III« 
p. i8'^-^.4. 

The Manner in which ft is 
rcietftcd. P. in. p* 97. - 
TheLa w accord ing to which 
it is refieded; P. IIL p. 99. 
Its Reflediionfrom plain and 

^ fpherical Sarfaces, coniider- 
ed. P. IIL p. IOC— ii7«- 
Its different RefrangibUity 
fliewn. P.m. p. 134. 
The Rays of it di^fed to 
excite Idieas of different Co- 
lours. P. III. p. 134. 
The Opinions of Philofo* 
phers concerning the Caufe 
of its ReAedion, codftited. 
P. HI. p. 158—167. 
The Caufe of its Refledioa 
not yet accounted for. P. 
HI. p. 167. 

LiGHTNtNG, the Caufe of 

* it. P. II. p. 143. 

Li KB of the Nodes, what. 
P. IV. p. 62. 

Like A Affiium^ what. P. 

IV. p. 48. 
LoADSToHH, iti Ppoperties. 

P. 1. p. 19. 
LoTNGiTtTDE of a Place on 
the Earth, what. P. IV. 
p. 131. 
The MethofI of determining 



it from tbe Eclipfes of Ju- 1 
fitir'^ SatclUties. Y. IV. p. « 
^']Minth$ Notes. 
—Of a Star, what. P- IV. 

Looking Glass^ why three 
or Itnore linages appear, 
when a- finale Obje^^ is 

* viewed 19 fi looking Glafs, 
P. lit.' p. 1 20. m tbi N$tes. 

apcoi^nted . for, . P. iV"; p. 
24.0. 

•• M. :• ;, 

MAcic L^ternjdefcribed. 
P,ra. p.aip. 
Maier,' his Solution €>f the 
Jur$ra fiareaHs.rVAU p. 

Mairan, his Solution of the 

fame. P. 11. p. 160. 
MARiNEBar^Ufieterdefcrib'd. 
. P. Jf.. p. 103* / ^ - ' 
Mars, its Diameter ;t 'DM- 
r- ivOSt fj-om tbeS^uAi f^rio^ 
< dacsJ; Time and Rotation 
. ; abpuj^ its Ax J6y Pt J V* . p. 

14. in the Notes. 
. ^ TJI^e^Ificlination of its AjlH 
to the Plane of the .Ediptic. 
^ p. IV. p. 16. in the Notes. 
Thp Exc^mricity of its 
OfWt. P,IV. p.ii.inthek 

The Inclination ot its Orbit 
. totl)^PlasMof theEeitptic. 
P. IV. p. 18. in 4he Notis. 
It^- : »(^af e^t , Motion ac« 
counted for. P. IV» p. 66. 
Tte Moth^ of determinjikC 
its Diftance from the Sun. 
P. IV. p. 7a m tieNotgs^.. 
Matter, its eflential Pro- 
perties. P^I, p. 7, . 



Its infinite Divifibiltty 4e« 
monftrated, and the Mean- 
ing of it explained. P< I« 
P-8. . • 

Its Attfa£lion of Cobeiton 
and Gravitation. P. • I. 
p. 12.* 

Mechanical Powers treat* 
ed of, P. I. p. 58—75. 

Medium, the Meaning of iC 
in an c^tical Senfe. P.. JII, 
p. 9. . ' 

Mercury (in the Baroipe* 
ter) the Reafon of its ^i^ 
ing low in windy Weather, 
P. n. p. 92. 

Leibnits's Hypotbeiis con- 
. cerning its JDefcent before 
Rain,cpn&ited. P.n. p;95« 
Patricks Obfervationt con* 
cerning theRifingand Fall- 
ing of it. P. II. p,96. 
Rules for knowing whe^er 
it be Rifing or FaUii^g. . P. 
II« p. 98:. 

Mercury, (the Planet) '.its 
Diatnetiir, Diftance from 
the Sun^ and Periodical 
Time. P. IV* p. 14. in the 
Notes, I 

The Excentricity of its 
Orbit. P. IV. p,iS.ittthe 
Notes. 

The Inclination of itsOrbit 
to the Plane of ^he Ecliptic. 
P. IV. p. 1 8. in the' Notes. 
Its apparent Motion ac* 
counted for. P. IV. p. 5S* 
Its greateft Elongation. P. 
IV. p. 65. 

MsRi^fAN, what. P. IV. 

Meaidian Imi^p €0 find it 

partly 
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partly by the Help of the 
Globe. P. IV. p. 177. 
MiCROSCoPS9, a modern In- 
Yention. P. III. p. 169. 
Their Defcriptton and Pro- 
portion of magnifying. P. 

III. p. 171. 
Mid-Heaven, what. P. IV. 

p. 140. 
Milky Way, what. P. IV. 

• p. 28. 
Momentum, the Meaning 

• of it explained. P. I. p. 49. 
Monsoons, accounted for. 

P. II. p. 1^6. • • 

Months periodical and fyno^ 
dical, what. P. IV. p. 74. 
and p. 185. other Sorts of 
them. P. IV. p. 185. 

Moon, feveral Opinions con- 
cerning the horizontal 
Moon confidered. P. III. 
p. 86—96. 

Sooietimes occasions the 
Appearance of a Rainbow. 
P. III. p. 209. 
Its periodical Time, and 
Rotation about its Axis; 
its Diftance from the Earth, 
and Situation of its Axis ; 
the Eccentricity of its Or- 
bit, and the Inclination 
. thereof to the Plane of the 
Ecliptic. P. IV. p. 19. 
Its different Phafes or Ap- 
t>earances accourited for. P. 

IV. p. 72.- 

Its cbfcare Hemifphere en- 
lightened by the Earth.' P. 
IV. p. 74. 

Its Li brat ions ^iccounted 
for. P. IV. p. 81. 
The Manner of meaftiring 
iht Height of the Moun- 



tains therein. P. IV. p. 8j. 
m the Notes, 

Its Irregularities accounted 
fer. P. IV. p. 249—264. 
Motion, the Laws of it. P. 

I. p. 20* 
Mountains in the Moon, 

the Height of them, how 
meafured. P. IV. p. 85. in 
the Notes. 

Burning Mountains, their 
Caufe. P. IL p. 144. in 
the Notes. 

Music, the Effefis of it on 
Perfon5,'bit with the Ta- 
rantula. P. II. p. 55. in the 
Notes. 

Musical Tones, wherein 
their DiiFerence confifts, 
P. II. p. 53. 

N. 
'^Adir, what. P. IV. p. 

NiEUWiNTYT, his Notion 
of the Formation and Rife 
of Vapours examined. P. 

II. p. 132. 
Ninetieth Degree, what. 

P. IV. p. 140. 
Nodes, the Line of them, 

what. P. IV. p. 62. 

Afcending and defcending 

Nodes, what. P. IV. p. 

76. 
;NucKTHEM£RON,what. p. 

IV. p. 182. 
Number of the Stars. P. 

IV. p: 29. 
Nutation of the Poles, 

what. P. IV. p. 52. 
•—Accounted iot. P. IV. p, 

266. 

I Of 



I N 



O. 



/^BjECT, why it appears 
^^ ereft, when its Image 



in the Eye is inverted, P. ■ p. 70. 



D E X, 

Opacity, the Caufc of it. 

P. HI. p. 154. 
Optic Angle, what, P. III. 



III. p. 65. 

Why it appears fingle tho' 

viewed with bpth Eyes, fe- 

veral Opinions about this. 

P. III., p. 66. 

The Diftance of an Objeft 

bow judged of by the Eye. 

P. in. p. 70. 

The Appearance of Ob- 

je<5b feen through Media of 

^ different Forms. P. UL 
p. 72—85. 

The Appearance of Objeds 
feen by Light refleSed from 
plain and fpherical Surfaces. 
P.m. p. n 8— 133. 
Why three or more Images 
appear when a fingle Objed 
is viewed in a common 
Looking Glafs. P. III. p. 
120. in the Notes. 

Obliqjje Afcenfion, what. 
P. IV, p,i43. . 

—•Forces, their ES^A. V. I. 

•—Planes, the Defcent of Bo- 
dies on them confidered, P. 
I. p. 28. 

—Sphere, what. P. IV. p. 
142. 

Obscura Camera de- 
fcribed. P. Ill, p. 210. 

OccuLTATiON of Juptter^s 
and Saturn^s Satellites. P. 

. IV. p. 93. 

Circles of perpetual Occul- 
tation, what. P. IV, p. 

144- 
Octave Tone, the Nature 

of it. P. II. p. 54. . 4 



—Nerve, what. P. ML p. 

55- 
; Optics, in what the Science 

of it confifis. P. III. p. 3. 

OrbiV, the Plane of ir» 
what. P. IV. p, 12. in tb< 
Notes, 

The Inclination of the Or- 
bit of eacb primary Planet 
to the Plane of the Ecliptic. 
P, IV. p. 18. in the Notes. 
The Inclination and £x- 
centricity of the Moon's 
Orbit. P. IV, p. 19. im 
the Notes, 

The Form and Inclination 
of the Orbits of the Co- 
mets. P. IV. p. 22. 
The Inclination of the Or- 
bits of Jupiter^s and Sa^ 
/«r«'s Satellites. P, IV. p. 
21. in the Notes, 

Origin of the. Winds, ac- 
counted for. P, II. p. 116. 

Orrery, its Delcription 
and Ufc. P. IV. p. .147. 

OsctiLATioN,, its Center, 
what. P. I. p. 33. 
The Center of it determin'd. 
Appendix to Part L 
P. 

DAra'llax, the Earth*s 

^ annual Parallax, what. 
P. IV. p. 52. 
The Parallax ofi the Semi- 
diameter of the Earth's Or- 
bit, what. P. IV. p. 70. 
7"he Method of finding the 
Diftance of the Plaifets 

from 
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fixMH the Sun by thb Pi- 
ralhuc. P. IV. p. 70. in tin 

Tbe Method of determin- 
ing this Parallax from the 
Eclipfes of Jupiter's Satel- 

' litcs. P. IV. p. 96. in thi 
Notts. 

-—Of the heavenly Bodies ex- 
phined. P. IV. p. 113. 

Parallactic An^e, what . 
P. IV. p. 114. 
Hie Method of determining 
the Difhmce of a Planet 
from the Earth thereby. P. 

* IV. p. 1 15. in thi Notes. 

P A & A L L s L Circle, what. P. 
IV. P.IZ5. 

—Sphere, ^hat. P. IV. p. 
142. 

Paeallbls and Climates, 
what. P. IV- p. 144. 

Earallils of Latitude, 
what. P. IV. p. 128. 

Passivenbss, al*ropertyof 
Body. P. IV. p. 7. 

pRNDULVMS, their Theory. 
P. I. p. 33- 

Thctr Vibration in a Cv- 
cloid. AfpendixioFartL 

Penumbra, what. P. IV. 
p. 91. 

Percussion, the Center of 
it, determined. Jfpendixto 

Part I. 
Perioeok, what. P. IV. 

' P-49- 

Perihelion, what. P. IV. 

p. 48. 
pERioD,Vi6loriaB,what. P. 

IV. p. 199. in the Notes. 
Julian, what. P. IV. p. 
199. 



Periodical Month, what» 
P. IV. p. 74. 

—Time of the Moon, and of 
JufHtif^t and Satun^s Sa- 
tellites. P. IV. p. 19. 

Prrioeci, what. P. IV. p. 

Periscii, whtLU P. IV. p. 
136. 

Perpetual Motion, the 
Impofihility of it. P. I. 
p. 74. 

—Apparition, Cirde of it. 
P. IV. p. 144. 

--Oocultation, Cirele of it. 
P. IV. p. 144. 

Ph ASRs of the inferior Planets, 
^cplained. P. IV. p. 62. 

—Of the Moon. P. IV. p. 
72. 

Physical Csufe of tbe Mo« 
tion of the heavenly Bodies, 
P. IV. p. 1^03—274. 

Planr of an Orbit, wkat. 
P. IV. p. 12. in the Notes, 

Planets, the Poffibifity of 
their Motions. P. IV. p. 
4— fO. 

A Table of the Diameters, 
Diftances from the Sun, pe- 
riodical Times and Rota- 
tions of the primaiy Planets 
about their Axes. P. IV. 
p. 14. in the Notes. 
Their apparent Revdution 
in 24 Hours accounted jfbr. 
P. IV. p. 33, 

The phyficd Caufe of their 
Motions, P. IV. p. 203— 
274. 

The Figures they aflume by 
revolving about. their Axes. 
P. rV. p. 274. 

* Phxu- 
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Pksum.atics, what. P. II. 

P- 33- 
PofiTiCAi Riiing and Set- 
ting of the Scars. P. IV. 

Points of the Compafs, 

• what. P. JV. p. 139. 
Cardinal Points, what. . P. 
IV, p. '139. 

Pol AB. Circles, what. P. IV. 

P- 134 
Pole, the Elevation of it, 

what. P. IV. p. 140. 

Poles of a Circle, what. P. 

• IV. p. 126. 
—Of the Earth, what. P. 

IV. p. 130. 
—Of the Earth, their Nuta- 
tion, what. P. IV. p. 53. 

• its Solution, y. IV. p. 266. 
•f-Of the Ecliptic, what. P. 

IV. p. 127. 
«prX>f the Heavens^ what. P. 

IV. p. 130; 
Portable Barometer, de- 

• fcribed. P. II. p. 113. 
Precession of the Equi- 
' nodial Points, what. P. 

IV. p. 52. 
' Their &>lution. P. IV. p. 

265. 
Pressure of Fluids, confi- 

• der'd. P. H. p. 7'— 27. 
PRmE Vertical, what. . P. 

Principles of Natural Phi- 
lofbphy. Preface^ p. 4. - 
. The Connexion between 
theip and the chief Phaetio- 

• mena of Katural Philofo* 
phy. Preface J p. 10—38. 

-' T^cir Proof and Laws of 
Aftion. P. I, p. 12— 19. 



Demonftrated to be no me^ 

chanical Caufes. Pre/ace^ 

Note b. 
—Of Chronology. P. IV. p. 
- 178—202. 
Problems on the Globes. 

P. IV. p. 161— 178. 
Projectiles, their Theory. 

P. I. p. 35^ 
Properties of Body. P. 

I. p. 7. • 
Frosthaphjeresis of a 

Planet, what. P. IV. p. 49. 
Ptolemaic Syftem, de- 
fer jbed. P. IV. p. 13. in 

the Notes, 
Pulley, its Properties. P. 

I. p. 64. 
PiJLVIS fulminans, its 

Compofition and Effeds; 

P. n. p. 145. in the Notes. 

P0M P, capaUe of raiiing Wa- 

• tcp from any Depth. P. 11, 

p. 84. 
Pyrites, thought by Dr. 
. Lifter to be the* Occafiofi 

of Thunder, Lightning, 

Earthquakes and Volca<* 

no's. P. II. p. 145. in the 

Notes. 

Quadrant of Altitude^ 
^what. P. IV. p. 159. 
Qualifications in Bodies 
. which difpofe them to re- 
fled Rays of diiFerent Co- 
lours. P. III. p. 147— 
154. 

R. 

RAjN, the Caufes uCuallr 
affigncd for it. P. II. 
p. 138. 
Rays. See Light. , 

Reaction^ 



I N D 

React lOK, its Equality to 

AAion, fhewn. P. I. p. 22. 
Reciprocation of Springs, 

accounted for. P. II. p. 81. 

in the Notes. . 
Reflection of Light. See 

Light. 
JIefa ACTION of Light. See 

Light. 
Refraction of the Atmof- 

phere. See Atmofphcre. 
Refranoibility of Light. 

See Light. 
Repulsion, defined. P.I. p. 

18. the Proof of it. P. III. 

S. l6i. i/i the Notes* 
Tot a mechanical Caufe. 

Preface^ Note b. 
Resistance of Fluids. P. 

II. p. 41. 
Revolving Bodies defcribe 

equal Areas in equal Times, 

demonftrated. P. I. p. 46. 
Right Afcenfion of a Star, 

what. P. IV. p. 143, 
♦—Sphere, what. P. IV. p. 

141. 
Ring of Saturn^ its Form, 

and Inclination. P. IV. p. 

21. 

Its Appearance. P. IV. p. 

97' 

Its Anfa. P. IV. p. 08. 

Dr. Rooi^ his Wheel Baro- 
meter defcribed. P. II. p. 

102. 

Rotation of the Sun, and 

primary Planets about their 

Axes. P. IV. p. 14. 
«^Of the Moon about its 

Axis. P. IV. p, 19. 
RuMB Lines, what. P. IV. 

p. 160. 
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s. 



CAtellites of 7«^i/^r and 

^ Saturn. See jupiter 2nd 
Saturn. 

Saturn, its Disuneter; Dis- 
tance from the Sun ; and 
periodical Time. P. IV. 
p. 14. in the Notes » 
The Excentricity of its 
Orbit ; and the Inclination 
of the Plane of its Orbit to 
the Ecliptic. P. IV. p. 18. 
in the Notes. 

The Form and Inclination 
of its Ring, and the Incli- 
nation of the Orbits of its 
Satellites. P. IV. p. 21. 
Its apparent Motion ac- 
counted for. P. IV. p. 66. 
The Method of determin- 
ing its Oiftance. P. IV. p. 
70. in the Notes. 
The Appearanceof its Rifigi 
p. IV. p. 97. 

The periodical Times and 
Diftances of its Satellites. 
P. IV. p. 19. in the Notes » 
The apparent Motions, E-^ 
clipfes and Occultations of 
its Satellites, accounted for. 
P. IV. p. Q3. 

Scale of Variation in the 
Barometer, infinite. P. IL 
p. 105 and no. 

Screw, its Properties. P.I. 
p. 66. 

Sea, its Ebbing and Flowing 
accounted for. P. IV. p, 
266. 

Seasons of the Year ac- 
counted for. P. IV. p. 37. 

—Accounted for another i«ray, 
P. IV. p. 44. in the Notts, 
Seconoakiss 
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Si^coKDAftiES of 9 Circle, 

what. ^. IV. p. 126. 
—Of the Ecliptic, what. P. 
• IV. p. 127. 
Secon p a & y Planets. See 

Moon, and Satellites 
SEMiTYCHONicSyfiein, de- 
fer ibed. P. IV. p. 13. in 

ibe Notes. 
Signs of the Ecliptic^ what. 

P. IV. p. 128. 
Shortsightedness, the 

Occafion of it.. P. III. p. 

64. 
Sky, its NaturcJ P. IV. 

p. 9. 
Snow, the CauCb ufually af- 

figned for it. P. 11. p. 140. 
SbLAR.Syftem defcribed* P. 

iV. p. II — 24* 
Solidity, a Property of 

Body. P. I. p. 7. 
Solstitial Colure. P. IV. 

p. 46 and 133. 
ir-Points. ,P.IV. p. 46 and 

133- 

Sound, how communicated 

to the Ear. P. It. p. 47. 
Its Velocity, how com- 
puted. P. II. p. 51. in the 
Notes. 

Speaking Trumpet, the 
Nature of it. P. II. p. 52. 

Specific Gravity, what. P. 
II. p. 27. 

Sphere, the Dodrine of it. 

P. IV. p. 125. 

Oblique Sphere. P. IV. p. 

141— 142. 

Parallel Sphere. R IV. p. 

141*— 142. 

Right Sphere.. P. IV* p. 

141—142. 

Vol. H 
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Spots of the Sun and Planets, 
the Motion of the Sun and 
Planets round their Axes 
determined by them* P. 
IV. p. 17. 

Sphings. See Fountains. 

Stars, fixed \ why fo called ; 
why they appear larger to 
the naked Eyp than with a 
Telefcope. r. IV. p. 25. 
Their Djflribution into 
Claffes. P. IV. p. 26. 
Of numbring and regiftring 
them. P. IV. p. ^9. 
Old ones vanifb, and Dew 
ones appear. P. IV. p. 31. 
Sir Ifaac Newton s Conjec- 
ture about this ; the fixe4^ 
Stars thought to be fo many 
Suns. P. iV. p. 32. 
Their Diftance, and the 
Method of computing it« 
P. IV. p. 53. 

'JThfi Longitude and ' Lati- 
tude, of a Star, what. P. 
IV. p. 127. 

Their Altitude, Depreffion, 
Culmination, Azimuth and 
Amplitude. P. IV. p. 139 
— 140. 

Their Right Afcenl^on^ 
what. P. IV. p. 143, 

Stile, old and new, what. 
P. IV. p. J91* 

SuMMA ^pjisi what. P. IV. 
p. 48. 

Sun, its Diameter^ I>iftance 
from the Earthy and Time 
of its Rotation ^ut its 
Axis. P. IV. p. 14. in t/ki 
Notes. 

The Ind^atjpn of its Axis 

to the Plaiie' of the Eclip- 

Pp uc. 
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tic. p. rV. p. 1 6. in thi 
Notes. 

Its apparent Motion ac- 
counted for. P. IV. p. 35. 

. Farther from us in Summer, 
than in Winter ; thcOcca- 
fion of this. P. IV. p. 49. 

Superior ConjunSion, 
what. P. IV. p. 58. 

Surfaces, reflcAing and re- 
fracting. See Light. 

Swimming, folved. P. IV. 
p. 29. 

Synodic At Month, what. 
P. IV. p. 74. 

System, the Copemicany 
Ptolemaicj Tycbonic^ and 
Semitychonic defcribed. P. 
IV. p. 12—13. 
The Copirnican defended. 
P. IV. p. 22. in the Notes. 
T. 

npAiLs of the Comets, Sir 

^ Ifaac Newton's Opinion 

of them examined ; with a 

Conjedure of the Author's 

concerning them. P. IV. 

p. 102. 

Telescopes, a modern In- 
vention. P. III. p. 169. 
Refleding Telefcopc in- 
vented by Sir IJaac Newton. 
P. III. p. 171. 
A Defcription of the feveVal 
Sorts of them, and their 
magnifying Powers. P. III. 
p. 176—188. 

Temperate Zone, what. 
P. IV. p. 136. 

Tendency of heatn^ Bodies, 

not towards the Center of 

the Earth, except at the 

Equator and the Poles, P. 

' IV. p. 281. 



JS X 

Thunder and Lightnings 
theCaufeof it; theEffeds 
of it not to be afcribed to 
Thunder Bolts ; the Man- 
ner of eftimating the Dif- 
uncc of it. P. II. p. 143 
—147. 

Tides, accounted for. P. 
IV. p. 266. 

Time, the Equation of it, 
what ; true and apparent, 
what. P. IV. p. 178 — 
181. 

The Divifion of it. P. IV. 
p. 181—202. 

Tor r I c e l l I , his Invention 
of the Barometer. P. 11. 
p. 85. 

Torrid Zone, what. P. IV. 

P- 135- 
Trade Winds, accounted 

for. P. II. p. 126. 
Transparency, theCaufe 

of it. P. III. p. 154. 
Tropic Circles, what. P. 

IV. p. 134. 
—Of Cancer, what. P. IV. 

p- las- 
'—Of Capricorn, what. P. 

IV. p. 135. 

Twilight, the Caufe of it. 
P. IV. p. 121. 
The Duration of it, various. 
P. IV. p. 123. 
That the Height of the 
Atmofpheremay be deter^* 
mined by it, an erroneous 
Notion. P. IV. p. 121. 
in the Notes. 

TvcHONic Syftem de- 
fcribed, P. IV. p. 1 3. i« 
the Notes. 

M V. 
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V. 



t7ACuUM, what. P. I. 

^ p. 10. 
The Exiftencc of it denied 
by the Cartejians. P. I. 

fu 10. 
ts Exiftence proved. P, I. 
p. II. 

Vapours, their Formation 
and Afcent not fufficlently 
accounted for ; the Caru- 
Jian Notion of them, con- 
futed ; Nieuwentyfs Notion 
of them, confuted. P. II. 
p. 130. 

The moft generally received 
Opinion of them, confuted. 
P. II. p. 132. 
Dr. Defagulier^% Opinion 
examined. P. 11. p* 133. 
The Caufes ufually afiign'd 
for their falling in Rain, 
Snow and Hail. P. IL p. 
138. 

Variation, Line of it, 
what. P. IV. p. 161. 

Velocity of Light, how 
computed. P. III. p. 6. 
and P. IV. p. 96. in the 
Notes. 

Venus, its Diameter; Dif- 
tance from the Sun ; perio- 
dical Time; Rotation abOMt 
its Axis 'y Inclination of its 
Axis to the Plane of the 
Ecliptic ; the Excentricity 
of its Orbit ; and the Incli- 
nation of its Orbit to the 
Plane of the Ecliptic. P. 
IV. p. 14— 18. in the 
Notes. 

Its apparent Motion ac- 
counted for I its inferior 



and fuperior Conjundion^ 
what ; why fometimes our 
Morning, fometimes our 
Evening Star; its greateft 
Elongation ; the Method of 
determining its Diftance 
from the Sun. P. IV. p. 

58—59- 

Its Phafes explained. P. IV. 

p. 62. 

Vertical Circles, what; 
prime Vertical, what. P. 
IV. p. 138—139. 

Vesuvius, the Caufe of its 
vomiting Flames. P. II. p. 
144. in the Notes. 

Victorian Period, what. 
P. IV, p. 199. in the 
Notes. 

Vision, th^ Nature of it ex- 
plained. P. III. p. 56. 
Diftinguifhed into bright 
and obfcure, diftin£l and 
confufed. P. HI. p. 62. 

Unizon Tone, the Nature 
of it. P. II. p. 54. 

Vulcano's, their Caufe. P. 

II. p. 144. in the Notes. 

W. 

X^TAllis, his Opinion of 
^^ the Caufe of the Hori- 
zontal Moon. P. III. p. 93. 

Weather-Glass. Sef 
Barometer. 

Wedge, its Properties. P. i» 
p. 67. 

The Miftakes of fome Phi- 
lofophers abo.ut it. P. 1. 
p. 71. 

Wheel and Axis, its Pro- 
perties. P. I. p. 63. 

—Barometer, defcrtbcd. P. 

II. p. 102, 

Whitsvsss, 



:f N D E X. 



Wit I T ft N B ss , « Gompofition 
, of other Colours* P. III. 

•^P- 143- 

WmspsftiNC Gallery, the 

Nature of it. P. II. p. 53. 
in tbi Nous, 

Winds, 4 their Origin ac- 
counted for ; Trade Winds 
and Monfoofis accounted 
for. P, II. p. 126. 
Their Variablenels beyond 

• the Limits of the Trade 
Winds, accounted for. P. 
n. p. 116— 128. 

. Dr. . HaJley's Hiftory of 
them. P. If, p. ii6»— 122. 
ht thi NoUs. 
Y. 

Y'EAR, the SeafoBs of it 
* accounted for. P. IV. 

P- 37--4S- 



jfnnus Magntifj or the 
great Year, what, P. IV. 

P- 57- ^ 

The different Sorts of it. 

P. IV. p. 187. 

Leap Year, why fo called, 

P. IV. p» 1 90. ' 

Z. 

yEMiTH, what. P. IV* 

^ p. 138. 

Zodiac, what ; the twelve 

Signs thereof. P. IV. p.. 

28 and i:^. 
Zone,, what. P, ]V. p. 

-^Frigid,. what. "P. IV. p. 

—Temperate, what. P. IV. 
p. 1 36. 
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